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FOREWORD 


In this revort, in summary form, is the information presented 

at the end annual conference on processins as related to the nutri- 
tive value of cottonseed meal, sponsored jointly by the Educational 
Service, National Cottonseed Products Association, and by the U. S. 
Department of Agriculture. The conference was held at the Southern 
Regional Pesearch Iaboratory, of the Bureau of Agricultural and In- 
dustrial Chemistry, New Orleans, Louisiana, on November 5-7, 1951. 


The objectives of this conference were: 


‘To review available information on the ef*ects of pro- 
cessing conditions on the quality of .cottonseed real and 
O1l's 


To: take stock of what is lkmnown about the nutritive value 
of cottonseed meal and discuss the latest information on 
“its use in feeding farm animals; 


To. note future research required to further the understand- 

ing of cottonseed meal nutrition and to develop new or im- 

proved methods of producing both meal ard oil of the highest 
‘+e. possible quality. — 


Much of the data presented are still preliminary, ard it is evi- 
dent that a great deal more study is needed before either processors 
‘or nutritionists can make definite recommendations for feeding cotton— 
seed meals interchangeably with other protein feeds in the diets of 
swine and poultry. “evertheless, it is clear from the reports that 
much, progress has been made. 


More detailed information on any subjects herein may be obtained 
from the author or organization concerned, and no material from these 
Proceedings shovld be reoreduced, or used in any way, without specific 
permission. The Proceedings, not a publication in the usual sense, 
were vrepared orimarily for the benefit of those in attendance at the 


conference, and hence are not available for general distribution. 
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OPENTNG RBEMARXS 


by 
C. H. Fishor, Director 
Southern Regional Research Laboratory 


Members of tho Conference, frionds: 
ape oon enraine eee ee te ee, 


Before the conference proper gots under way, I should like to take 
a fow minutes of your time to say for the Southern Laboratory and my- 
solf, that wo are happy to have you with use We consider it a privilego 
to serve as host to this second conference on cottonsced procossing, 
where much valuable information on cottonscod mcal and related subjects 
Will be exchanged. 


Tho entire offort now boing expended to provide improved cottonsced 
moal on o commercial scale is enormous, Many organizations and indivi- 
duals aro engaged in this effort. I think that all of us have been im 
pressed by the magnitude of tho project and tho numbor of mon working on 
it, the importance and value of the objectives, the tcamwork and the 
splondid spirit of cooperation boing displayod by all mombors of the toams 


This cooperation is active also in tho Southorn Laboratory, Dre 
Altschul and his Protein and Carbohydrate Division have played a leading 
rolo from the beginning. The Enginecring and Development Division, led 
by Mr. Gastrock, is helping to on over inercasing extent «= this Division 
is now giving a major part of its time to studies that should help develop 
improved processing mothods and improved noals, The Analytical and 
Physical Division, hcaded by lir. Hopper, has been active in cottonsood 
processing studics all along, thoy have made and are continuing to make 
notablo contributions. Whon it comes to oil probloms, wo roccive valuable 
advice and help from Dr, Markloy and his Oil and Oilseed Division, 

Knowing that any organization must work cooporatively if it is to do its 
best job, I find it highly pleasing to watch different divisions of the 
Laboratory cooperate so cffectively with cach other -= and with other 
organizations -- in getting an important job dono. 


I should like to thank Mr, Word, Director of the Educational Servico, 
National Cottonsoed Products Association, for his continued help and 
supports the many industrial, state and federal organizations for co- 
operations; and the many mombors of the Southern Laboratory staff who 
helped in arranging this confcronecc, I know it is goings to bo a good 
ono ? 
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REPORTS ON FEEDING EXPERIMENTS 


Sg 


THE NUTRI TIONAL VALUE OF SCREW-PRESSED COTTONSEED 
MEAL WHEN FED AS THE PRINCIPAL PROTEIN SUPPLEMENT 
_ FOR FARM ANTMALS 


by 
E, L. Stephenson 
University of Arkansas 


In experiments conducted at tho Arkansas Agricultural Expcrimont 
Station, oxperimcntally processed screw-pressod cottonseod monl has been 
fed to growing pigs. Those oxperinents have shown this mcal to be none 
toxic even whon fod at lovols as great as 43%, Maximum pig growth was 
obtained by supplementing 2 43% scrow-pressod cottonsced meal basal dict 
with 6% of fish mcal.e When the cottonsced meal basal dict wos supple- 
nented with 0.3%. lysine and 0.25% of an auronycin and vitamin B,» con= 
contrato, the resulting growth rosponso was significant at the 0.05% 
level, but the rcsponse was not as great as that obtained by adding 6% 
of fish moal, . 


Additional study indicatcs that the greater growth response obtained 
by foeding fish. mcoal was due to its content of an unidentified nutriont 
or nutrionts. - Recent. rescarch indicates that this factor is vitomin-liko 
in nature and required in very small amounts. 


Screw-pressed cottonscod monl has also been fod to laying hense 
The objoctive of this study was to determine its offect on ogg storago 
quality. The result indicates that lovols os great as 20% may be fod 
without producing undesirable yolk or albumin color in the stored cggse 


One feeding trial was conducted to compare. the nutritive value of 
hydraulic-processed cottonscod meal, scrow-pressed cottonscod meal, | 
soybean oil meal, and linseed oil mcal as a protein supplement for _ 
fattening lambs. While more work necds to be done on this subject, the 
present data indicate that the screw-prossed cottonseed moal was slightly ~ 
inferior to the other products. Tho differcnces between the screw- 
pressed cottonseed meal and the hydraulic cottonseed meal approached 
significance to tho 0.05% levels 


14K 
Discussion 

Quostions What was the storago time of the cggs you nentioncd? 

Answers aihwar 6-months, at 38° F, | 

Questions What was gossypol content of the meal fod these hens? 

Answer 8 Analytical results indicate a gossypol content of 0.007%, 


but Dr. Altschul suggosts that it is safer to say loss than 
0.01% gossypol. 


Questions 


Answor 3 


Questions 
Answer $ 


Questions: 


own ee eT 


Answer 3 


Questions 


Answer $§ 


Questions 


Answer ¢ 


Questions 
Answers 


Questions 


inswers 


emanate atineree 


.We haven't boiled oggs, 


tt ap 


How many oggs were stored? 


There: was a total of over 100 eggs stored from tho hens 
recciving each dict, Thoso from hens fed experimentally 
processed scrow-pross Mcal No. 7, Scrics 1 (Sco Table 3 in 
the Appendix) were only slightly lower in grade than oggs 
from hens fod soybean oil meal, 


What was the level of cottonseed meal and of soybean oil 
meal in the fecds? 


The cottonseed mecl was at 20% lovel of tho dict. The soy~ 
bean oil meal was at 20% level of the dict. of 
Did you ever boil any of the cggs and check their physical 
characteristics with thoso of the yolks before breaking? 

In our work, we have found that after boiling, the yolks 
frequently resomble art gum. This is noticed somotimes in 
our oxpcrinents with scrcw-pressed cottonseed meal as well 
as with hydroulic-pressed cottonsced mcale 


but the cggs obtained from screw- 


pressed cottonseed meal caused no difference in the flavor 
of baked productse 


Would you review your results with the lambs? 

The lambs grew best on soyboan oil moal, then on tho 
hydraulic-presscd cottonseed meal, then on screw-pressed 
cottonseed meal, and last on linsoed meal. The gains on 
these meals were respectively: 42,5, 41,0, 30,5, and 26.0 
pounds.» 


Do you have the oil] content of those meals? 


The cottonsced and linscod meals had about 5% and the soy= 
bean neal 025%. 


Identify the scrow-press meal used. 
It was No, 12 of Sorios 5, (Soe Tablo 1 in tho Appondix). 


What was composition of lamb dicot? 


Lamb ration was composed of starch, corclose, protcin sup- 
ploments, corn bran, minerals and vitamin supploments, 


Qucstions 


Answer § 


Questions 


inswory 


Questions 
“Answer 3 


Questions 
Answer: 
Questions 


Answer 3 


Question; 


Answors 


Question: 


Answers 


- China) -- somo of tho fastest animals we've had. 


— pee 
What was the conccntration of the cottonseed meal in these 
dicts? . 
Believe 18%, but would have to calculatos, 


On your oxperimonts with pigs, how long was the feoding 
carricd out? 


The experiments wore carricd out until the pigs reached 100 
lbs. These pigs wore good growing animals (Duroc and Poland 


fron 40 to 100 lbs. in a very short timc. 


What was tho concentration of the cottonseed meal fed these 
pigs? : 


Tho cottonseed mcal was fed at 43%, The meal is identified 
as §12-T4 (Sco Table 1 in tho appendix). 


What lysino was used? 


~d l-lysine monohydrochloride. 


How wero the fish soluble oxtracts preparod? 


The extracts wero preparcd by mixing tho fish solubles with 
95% othanol end filtoring. 


Doesn't fish solublo contain By 5 in lorge proportions? 


Yos, but wo had already added Byo and aureonycin in tho. 
recommended anountse . 


What was the Bio contont of fish solubles? 


Fish solubles vary in B,5 contente It was possibly 15 
nicrogroms Bo /en. plus the added auroomycine 


aK OK 


Some gainod 


RESPONSE OF GROWING ANIMALS RECEIVING DIETS CONTAINING 
COTTONSEED MEAL PREPARED BY VARIOUS PROCESSES 


by 
F, H, Smith 
North Carolina Experiment Station — 


Isocaloric diets, prepared from (1) hydraulic, (2) solvent ox- 
tracted and (3) "Degossypolized" cottonseed meals were fed to weanling 
ratse Gossypol was added to (1) to raise its content to 0,118%, the 
amount in (2). Cottonseed meal (3), 0,046% gossypol, was used in the 
control diet, The diets contained 10% protein from cottonseed meal, 
10% fat, adequate vitamins and minerals and starch to give desired com- 
position, Seven rats were individually fed each diet, 


Tho difference in gain in body weight between (1) ond (2) was sig- 
nificant at the 1% level, and the differences between (3) and (1) or 
(2) were highly significant, 


The differonces in gains between (1) and (2) cannot be ascribed to 
froe gossypol. Neither can the differenecs botwoen (2) and (3) be at- 
tributed to free gossypol unless very small amounts have marked effect, 
Excellent gains were obtained with (3)e These results suggest that the 
protein quality has greater effect than gossypol content on the gains 
of the rats. 


Rosponse of Rats to Dicts Containing. 10% 
Protein from Differcnt Cottonseed Mcals 


$ : : 3 
Cottonseed Moal s Gossypol 3 Mcan Goin ¢ L.S.D. +3 L.S.D. 

3 qe : PIN». : oY : 1% 

: : $ $ 
Hydraulic Osis : 45.1 $4, b0ee ie leet 
Solvent Extracted ; 0.118 594d : $ 
"Dogossypolized" : 0,046 +: 81,44 : z 


In a test with pigs, two pigs per pen, and three replications 
thereof, wero fed similar dicts to compare "Degossypolized" cottonseed 
moal with soybean as source of protein. After all pigs were fod a 
standard ration for threo weeks proceeding the experimental study, the 
average weight was 73 lbs. The protcin level in the dict was reduccd 
from 18 to 16% whon pigs attained woights of approximately 75 lbse and 
to 14% at 125 lbs. Tho dicts contained cither soybean oil meal or 
cottonsoed meal plus cithor tho knowm requircd B vitamins or 6% alfalfa 
mcale All diets contained yellow corn, minerals and 0.5 Lederle's A-P-F 
and vitamins A and Dy 


ony. 


Results from Soybean Moal vs. "Degossypolized" (0.052% gossypol) 
Cottonseed Menl Trial with Pigs 


eee oo 


Cottonsocd Meal 


1 Soyboun Weal 7 
ae — {+ Vitamins: + Alfalfa ; + Vitamins: + /ifalfo 
: t t $ 
Final weight pounds ig Sebo. s 174 : 134 $ 144 
Daily goin averago $ Zeek 8 1.78% 1.13 ¢ 1625 
Food/100 lbs, gains 320 g 358 $ 418 : 437 


Tho growth response from the "Degossypolized" cottonsced meal was 
inferior to that from the soybean moal with oithor vitamins or alfalfa 
meole Four pigs on cottonseed moal which had gained at the rate 0.71 
Lbs. /day for 74 days gained 2,20 Lbs. /day when placed on the soybean 
dicot. Two pigs developed dermatitis on the cottonsced moal diet, the 
more scvere one boing on the vitamin supploment, but recovered rapidly 
when changod to the soybean oil meal dict. 


In another tost with pigs, four diots varying in primary sources 
of protein were. used, as followss 


(1) Soyboan oil meal, : j 
(2) Mixed supplemont of soybean oil moal, 40%; fish moal, 20%; 
tankago, 20%; and cottonsced meal, 20%, 


(3) Special-processed cottonsced moal (Southorn Regional Research 
Laboratory), deid 
(4) "Degossypolized" cottonsocd moal, 


The diots were cssontially the samo as proviously described except 
"Aurofac" was used, and nono of the dicts contained alfalfa, Two pigs 
por pen, with throc replications, wore used in this study. The fecding 
poriod was from 12 to 16 wooks.s ‘ 


Performance Data in Poundss Sovbean Mcal or Mixed Supplement 
vs, Cottonsced Meal for Pigs 


. id : Soybean 3 ‘Mixod 3. Cottonsead Moal 
Pigs _ t= Meal =: Suppl. 1: Spoo.Proce 3 Dosossy. 

$ ayo i E 3 (Sy ¢ a. 
Average initial weight : 46,6 ¢ 51,0 ‘ 46.6 : 46.5 
Average, finishing weight ; 217.0 : . 222,4 $ 196,0 3. 208,5 
Avorage daily gain t 1.83 ¢ gobs At 1.59 $ 1.54 
Foed/100 lbs. gain ¢ 341 ¢ 372 : 378 : 3585 

3 H : 0,069 3 0.049 


Percont gossypol 


A A A NE EI NN I ON et 


The differences between dicts (1) ond (2) are insignificant, but 
both are significantly suporior to (3) ond (4), Daily gains for (4) 
woro higher than for (3), but tho efficiency was lowor, 


a GNIS 


Experiments also have been conducted in the fcoding of cottonsocd 
moal in starter rations to detormine the maximum at which it can be fod 
to young calves. 


Diots 2a and 2b.were prepared from (1) special processed cottonscod 
meal 41%, gossypol contcnt 0,059% (Southorn Regional Research Laboratory), 
and 3a and 3b from (2) hydraulic cottonsced moal 41%, gossypol contont 
0,173% (Swift and Company). Diets 2a and 3a contained 60% and dicts 2b 
and 3b 40% cottonsced moal with the latter two having 15% soybean moal in 
“ addition, thus giving the dicts a crudo protein content ranging between 
28.5. and 29.5%. They wore individually fod ad libitum. 


' Jersoy (1 replication) and Holstein (3 replications) calves re- 
moved from the dam at 2 to 3 days of age received whole milk fortifiod 
with vitamin A and D-to 35 days of age. They began to receive tho cox 

. perimental dicts at 10 to 15 days of age and were consuming about one or 
more pounds of startcr and about two pounds of alfalfa hay at weaninge 
Four calvos roccived cach dict and made normal gains although their coats 
wore rough. The most thrifty animals were the ones lost. The calvos 
wont off food about one week before death, Seven out of sixteen wore 
lost betwoen 49 and 120 days of ago. Two deaths occurred on 2a, none on 
2b, throo on 3a, and two on Sbe 


The animals appeared in pain and had labored breathing before death. 
Posting showod the blood to be incompletely coagulated and bright rod 
in colore There was a straw-colored fluid in the abdominal cavity, 
ranging from two quarts to two gallons, Surgzillation occurred in tho 
heart valves in three and hepatization in the liver of one of the animals, 


Calves: Cottonsced Meal in Calf Startors 


EUR ee aces ROR Oh pS te 


firsts : 3 | Ingredients : 
Cottonsced Meal : Diot s Cottonscod : Soyboan 3 Grain 3 Deaths 
Procoss $ : Meal : Meal : $ 
3 H 0 : %o $ q, $ y 
: : $ : $ : 
Special Expellor ts Zar 60,0 : -- $ 37 $ Me 
(Gossye 0.059%) & 2b he 4.040 o£ 15 ¢ 42 4 @) 
a % : : 3 t 
Hydraulic *% Sars 60 $ -- aie POOR eres 2 
(Gossys 0.173%) % Sdagite 40 : 15 ¢ tage : 2 
$. : : : $ 
u 


Minorals Bone mcal 2%, Sa 


SE ET § Se ee ee ee Ee ee 
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Questions 
inswor¢ 
Questions 
Ans Answort 
Questions 
Answor $ 
Questions 
Answors 


Quostions 


Answer ¢ 
Questions 
Answer 3 


Questions 
Answers 
Questions 
oe PES e) Oe ee 


Answors 


Questions 


Ans dAnswors 
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Discussion 


In the trials with rats, how was gossypol added to tho 


hydraulicemoal dict? 

In crystalline form. The pure gossypol was ground ina 
mortar with starch to obtain a uniform mixture, then in- 
corporated with the othor ingredients of the dict, 


Were the mixes analyzed? 


No. Wo did not analyze the ration after mixing the gossypol 
with tho other components of the dict, 


How long was pure gossypol mixed with tho diets before 
fcoding? 


It wes mixed with the dicots imiediatcly before the feoding 
experiments began, and the rations wore fed for 24 dayse 


Wheat solvent was used in processing the solventeoxtractod 
moal for these dicts? 


I do not know, tho material was supplied by the Buckeye 
Mill in Momphis. 


Was tho "Dogossypolizod meal" also a solvent noal? 


Yes, then troatod with an organic omino (Sce report of 
Kenneth Kuikon, Buckeye Cotton Oil Co.). 


Were vitamins or antibiotics included in the diets fod the 
pigs in your exporinents? 


Yes, wo had Lederle 's APF at the 0.5% level for the anti- 


biotic in trial I and 0.5% aurofac in trial II. 

What vitamins ? 

Vitemins / and D and all the knowm required B vitaminse 
Did you include fish solubles? 


No fish solubles were addede The only othér protein was 
from tho corn and alfalfa in tho dict, 


How many pigs woro there por lot? 


Thero wore 2 pigs per pen, with 3 replications for cach 


troatmont. 


Questions 
Answer 3 


Qucstions 


Answer 3 
Questions 


Answer? 


Bight 


follows; 


Lot 
Lot 


Lot 
Lot 
Lot 


Lot 
Lot 
Lot 


The 
from tho 
0.03% of 
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How much alfalfa was fed? 
6% in tho diets of trial I, nono in trial II. 


With tho calves, how high did the consumption of feed go 
before death? 


As high os 4 lbs./day. 
Were the dicts fed as dry or wet? 


They were fod drye 


28 2K Ak 


AMINO ACID SUPPLEMENTATION OF COTTONSEED MEAL 
RATIONS FOR WEANLING PIGS 


by - 
He D. Wallace 
Florida Agricultural Experiment Station 


groups of purebred Duroc woanling pigs were treated as . 
\ 


- Corn + cottonseed meal 

- Corn + cottonseed meal + 75 grams CuSO, per 100 lbs. of 
food” 

- Corn + cottonsced meal + 024% dl-lysine 

- Corn + cottonsocd moal + 0.8% dl-lysine 

- Corn + cottonsoed moal + 0. sf dl-lysine + .075% dl- 
mothionine 

- Corn + 1/2 cottonseed meet ‘ond 1/2 soybean meal 

- Same as Lot 6 + 0.4% dle lysine 

- Same as Lot 6 + 0.4% dl-lysino + ,075% dl-methionine 


cottonseed moal fod in all lots was an experimental product 

U. S. Southern Laboratory S, 13 - T4, This meal contained 
free gossypol. All rations contained, in eta sll to the 
supplomonts describod above, 5% of alfalfa leaf moal, 025% of Aurofac 
(aureomycin plus By o)s 45 grams of Lederle Fortafood: por 100 lbs. of. . 
food, and nepaumnet a seat The crude protein contont of all rations 
was Ap evorinateny 19%. 
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Results of this experimont are summarized in the following tables 


Results with Weanling Pigs Fed Various Diets . 


os 


2 : : ¢ $ : : : 
Lot Number ait ie Aine Oa gate OR! tte Dn PE Ot ate B 
F : : : $ : 3 : 
Humber OPP pi ge as keeO' 8 OF pth 6 9 ot Oi iy tice; ie Wad Med 
Dove on focd : men emior ot 67 ts OFe, 48 Sy a ey 
$ 
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‘vee final v wL Whe 53 g OSLO 26400 § B0e0 810ded $¢ Be 3 
Avge doily goin 3 0.57; 0.24; ¢ O.805 “T.03:  O.76s 1203 1ed0: le oma kt 
Vee daily or re es $ $ aa ae as $ 
consumption $ 5059s ~ $ Sotis 5.68 321s 16594 _ek8s S052 
Feed por 100 ; : : : hg : : $ 
lb i £15 2428 $559 34:23 $549 $342 3950 


Aaa ee 


*€ 
ue 
2) 
OQ 

a 
pe 

03 
te) 
Os 
hee 


ed of Cu poisoning. 


Pigs in lot 1 mido gains of 0,87 1b. por days The addition of 0.4% 
lysine (lot 3) did not inercase geinse However, whon 0.8% lysince was 
added a significant response was rogistered, A combination of the low 
levol of lysine and methionine did not improve growth. . When soybean 
meal replaced one=half of the cottonsced meal (lots 6, 7, and 8) gains 
wore significantly increnscd, Amino acid supplementation (lots 7 and 8) 
was inoffeoctivo. 


In last ycarts (1950) studies it was rcoported that a fading of the 
haireoat occurred in several lots, Copper sulfate was added to the 
ration of lot 2 to soo if it would prevent this, Thrceo pigs dicd of Cu 
poisoning but haircoats of tho romaining pigs faded, as they did in all 
other lots except those receiving soybean moal, <A dermatitis was also 
evidont on ono or two pigs in cach of tho first five lots, 


At the conclusion of the trical twelve pigs which showed marked 
haircoat fading wore divided into three groups and fed a cornecottonsoed 
neal ration with the following supplomontationss 


Lot 1 = 2% dlelysino 
Lot 2 = 20 grams Cuso, per 100 lbs, 
Lot 3 = 3% Aurofac 


A patch of hair was clipped fron ‘tho sido of each pig. In all 
> 
cases tho new growth following those treatmonts romainod faded, showing 


" acy 
no change as a rosult of theso supplomonts, 
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Discussion 
Questions Wasn't aurcomycin fed at a highor lovol in your oarlior cxe 
porinent s? 


Answers Yos, 3% Lederle APF No» 5 was fed in last year's trial 
_which is an oxcoptionally high level, In this year's study. 
0,5% Lederle Aurofac was added to all rations. This is a 
fairly generous addition of the antibiotic, . 


Questions: Were any of. these pigs kept on a cottonseed dict beyond the 
feoding experiments? ' 3 


fnswor Two gilts were carried through the breeding cyclo and on 
be farrowing had litters of 6 and 8 pigs. Two in each litter 
wore light in color but outgrew this discoloration. Howover, 
thoy wore not kept on a cottonsced meal dict beyond the date 
of farrovw, 


Questions; Mention has been made of a dermatitis occurring in o11 lots 
except those recoiving scyboon meal, Were the pigs sprayed 
for mange? 


Answers Pigs used in this oxperiment were not sprayed for mango; 
however, the dermatitis syndrome was clearly not o mange, 
Nor could it have been causod from spraying since no spray= 
ing was dond, 
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4 COMPARISON OF COTTONSEED MEAL AND SOYBEAN OIL 
MEAL IN PRACTICAL BROILER RATIONS 


by 
F, He Bird 
Eastorn States Farmors Exchango 


Two studics have boen completed which tested the ability of 
various process cottonseed meals to replace the soybean oil meal used 
in practical broiler rations, 


The first study compared two cottonseed moal samplos and one com= 
morcial solvent-cxtracted soybean oil meal, The cottonseed meals were 
processed by the hydraulic and serow methods with a free gossypol cone 
tont of 0.108% and 0,011% cespectively. These cottonsocd meals on a 
protein oquivalent basis replaced the solvent soybean oil mcal ina 
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cornmorcialetypo of high efficicncy broiler ration. Growth and food 
officioncy data at 8 weeks of age wore as followss 


Comparison of the Relative Effects of Cottonsced Meals and 
Soybean Mcals on Growth and Feed Efficicncey of Broilers 


er ot NE Om 


pare : Growth ot 8 wooks s Avg. Food 4 — Food 
sAveelit. sAveeiiteGain ¢ Consumption : Efficiency 
Type of Meal (lbs) See (Ube) ot (ibe. : Food/Tts 
’ $ : $ 
Cottonseed Meal : H H $ 
Hydraulic processcd 3 1685°s 1.74 : 4495 $ 2049 
-Scrow=pressod th deo 8 le 77 $ 4052 : 2040 
: : $ : 
Soybean Oil dical 3 H ale $ 
Solvent oxtracted 3 1.89 3 Bebo 48 4658 3 2088 


The second study compared six cottonsced meal samples and one con- 
nereial solvent extracted soybean oil meal. The cottonsced meals re- 
presonted 3 scrcw-press meals (2 oxperinontal and 1 commercial), 1 
butanone extraction, 1 isobutane extraction and 1 cssentially gland-freo 
moonle These samples conteineod respectively 0.012, 0.02, 0.02, 0,027, 
0.36 and 0,06% froeo gossypol. They replaced solventecxtractod soybean 
oil meal in a practical-type high officiency on a protein equivalent 
basis. Growth and feed cfficioncy data at 12 woeks of age woro as 
follows: 


Growth, Feed Consumption and Feed Efficiency of Chicks ed 
Different Sources of Cottonseed Meal Compared with Chicks 


Fed Soybean 011 Mcal 


RY ES EA ST ACRES LR A A AR a ee AE re ee ake + ea ee cone 


Growth at 12 wise Avrel'ccd $3 


Typo of Meal : Moal shveelit, sive, Gains Consunption: Efficiency 
jel ¢ Noe s (1bs.)s (lbs.) : (lbse) 3: Food/it, 
Scrow-press C/S Moal tot vectateaoe frrrora 3 ee vias aes FF 
Exp. Sample #1 iSabalSa. O66 & S4 £. 11,18 ..+- 3,08 
Expe Sample #2 Pnhalen Geto 3,5. 4 1lle44 » 3,18 
Gommeroin] Sampla  <O-Gubutu MeCm f4 3058 ¢ 11042 4 - 311 
Extractod c/s Moa $ : : : : 
Butanonc Ext 'n 25-6=@103 3,68 2: S59 + Lle2y : S207 
Tsobutanc Ext 'n sS=66~124 2669 ¢ 2.60 ¢ 8,46 $ jel4 
Gland-Frco c/s Meal S2OO AO Ss ee. 8 on stig Cie, ak 10.01 : 54085 
Solvont Soyboan Oil MowlsBe Set _3281 4 3e70 + 10086 + 2085 


In this oxperinont four of the cottonsecd meals (screwepress 
samples and the butanone sample) made good growth oven though this 
growth response was not as great as that given by the soybean oil meale 
Tyo of the cottonsecd meal sanples (isobutane extraction and the gland. 
freo semplos) gavo unsatisfactory growth rosponsose 
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The soybean oil mcal fed birds made the bape efficiency of food 
utilizatione 


An abnormal beak condition was secon in a high proportion of tho 
birds fed the isobutancecxtracted and the gland-froo meals, This con- 
dition, first noted.at 6 wooks, became progressively worse as the 
expcrinent prococdeds ° . 7 | 
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Discussion 
Qucstions Wore ell the dicts ‘the sane, cxccpt for the meal used? 


Answer ¢ The dicts worce approxinately tho same except for the fiber 
and fat. contont,. The fat.and fiber contents of cottonseed 
meal rations were higher than those containing soybean oil 
motls ' 


Questions; How wore the meals used in those studics preparcd? 


inswors They are deseribed on the Laboratory's Table. (Soc Table 1 
in tho Appendix). ws 


Question: What was the protoin content of your riotls? 


Answer These glso are on the Tablee The expcorimental rations wore 
adjusted to have tho sanc total protein contort. 
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THE USE OF PRE-PRESSED SOLVENT EXTRACTED COTTONSEED 
MEAL AS A PROTEIN SUPPLEMENT FOR GROWING PIGS 


Je L. Flotchor 
Missis Steg State College’ 


Fivo lots of soven pigs“cach wore fod, Lot 1, which reccived a 
corn=tonkage mixture, was considered: the check, Lets 2 and 3 roccivod 
c food mixturo conteining corn and hydraulic. processed cottonsecd meale 
In Lots 4 and 5, « pro-pressed solvont-cxtreacted cottonseed meal was 
includod in the mixture, For lots 3 and 5, ono=half percent ferrous 
sulfate was added to the food mixture. 411 five lots wore solf-fed, 
The froc gossypol content of tho hydraulic neol wes 0,07% and of the 
pro=prossod meal O04%e 
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Tho results are surmarized in. the following table. 


There were no ovidences of gossypol toxicity in cither of the lots 
Although o11 cottonsoed mocl lots oxccoded 
tho check in gain, tho differences werc not significant. 


rocoiving cottonsced moal, 


COMPARISON OF COTTONSEED MEALS 
February 29 to Junc 12, 1951 
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Lot 
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oe 


Rati on* 


A a er ec a eeoeees an 


Noe of. pigs 
Days on food 
iveinitial. wt, 
Awefinol wt, 
AVe sain 
Avedaily gein 
Feod por 100 lbaegain 
Corn 
Tankago - 
Cottonseed neal 
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:Salt 1/2 
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sSalt 12 
sOvstor= 


sshell ig 


eo <8 se 88 2 2 «2 « %© ¢€8 0 ee 30 


*ALL lots fod on small grain forago. 


None e 
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sForrous ¢ CSM 25:Fcrrous 
sSulfate Salt 1/2:Sulfate 
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g00 105 ¢' 105 ¢ 42:05 
t M2 O1G2) 35° 2 ya"s 5162 
Solel) se 1808s 4° 190.1 
shires? - 10,9: AV Loe, 2 
: 1.253 1e2%% 1.52 
3 )S7OS5 ¢) SATEORE® S549 
H --- 3 mem f --~ 
si VGeb 4: 110052) fa018,5 
¢ 506.0 2 S57.) t 27502 


= 20 «= 


BUCKEYE DEGOSSYPOLIZED COTTONSEED MRAL 


by 
Kenneth Kuiken _ 
The Buckeye Cotton Oil Company 


The Buckeye Cotton Oil Company has introduced a product known as 
"degossypolized" solvent=cxtractod cottonsced meal, It is produced at 
Augusta, Georgia, and is available with Protein contents of 36 and 41%, 
The product is guaranteed to contain not more than 0,04% free gossypol, 
The reduction: in froc gossypol content is accomplished by troating 
hexano-extracted flakes with an organic amine which combines with gos= 
sypol and renders it physiologically inert, 


Buckeye "dogossypolizcd" cottonscod moal is a mildly toasted pro- 
duct, The heat treatment, vhich is appliod to remove the solvent oftor 
extraction of the oil, is analogous to that. applied in processing soy= 
beans to properly inactivate tho anti-tryptic factors. Amino acid 
availability data indicate that heating under these conditions has a 
minor offect on protein quality in contrast with an appreciable roeduc-~ 
tion in quality as a rosult of cooking the protein in the Presence of 
go0ssypol plus cottonseed oil, 


The Buckeyo Cotton Oil Company has made available to rescarch groups 
large quantitios of "dogossypolized" cottonseed meale It is anticipated 
that roports of foeding trials will appear on tho program of this cons 
ference and in the sciontific literature at an early dato, 


The work which has boon complotcd in tho Buckeye laboratorios may 
be summarized briefly as follows: 


Observations on toxicity or gossypol effects 


No evidence of cottonseod toxicity has boon obsorved in feeding 
tests with guinoa pigs, swine, or chickons, Pigs have boon fod «2 ration 
containing 45% degossypolized cottonseca meal, from weanling weight of 
56 lbse to a markot weight of 185 lbs, with no ill effects. Tho average 
growth rate in this case was 1,5 lbss por daye 


fn ogg storage test resulted in approximatcly 30% of fecolor CESS, 
after six months storago, when the ration contained sufficiont cotton 
seed meal to supply 0,003% free gossypol, 


Swine growth studics 
SE a RS setae 
Good growth and food economy have been obtained with pigs in dry 


lot trials with cottonscod moa as tho only supplemontary protoin cons 
contrate in tho ration. Tho data shown in the following table wore 
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obtained with a ration consisting of degossypolizod cottonsced meal 
54, yollow corn 59,5, fish solubles 3, salt mixturo 5, AGD oil, riboe 
flavin and calcium pantothenate. The nocd for tho B-complex vitamins 
has not.bcon. domonstratcde ‘Rocont rosults of. the U.S.D.A. indicate 
that addition of riboflavin probably is not necessary. Tho protein 
content of the ration was adjusted’ from an initial’valuo of 20% to 
lower volues.as woight increased. ! 
. 1G is recommended that "degossypolized"..cottonseed moal be uscd 
with cqual parts of soybean menl, on a protein basis, for best results 
with pigs. Growth with tho mixed protein and r properly supplemented 
grain mixturo is frequently, but not always, better than that obtained 
on simplo vogetable protcin formulas. Fish solublos, which were used 
in this work to supply vitamin B,, and possible unknown factors, may 
have supplied sufficiont supplomofital lysino to improve growth pore 
formancoe 


Growth of Pigs on Rations Containing 
"Dogossypolizod"® Cottonsccd lMoeal 


: : $ 
Varinblo in ration 3s 45% CS Meal + 34% CS Meal 1_ 28% SB Moal 
Rte Pare Cy Steggrtos 95. $ aa 
No. of pigs : BI : 4, : 4. 
Avge initial wt., lbse : 3548 3 3568 $ 3448 
ivge finnl wt., lbs. $ 185.8 : 20348 : 195.5 
Days on test Fs 93 $ 98 : 98 
Avge daily gain, lbs. : we LyO A 8 Lesvioe 4 1.64 
Foed/l00 Lbs. gain PROD EIN teal giBES hs 9 tean S60) i 
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Chick Growth Studies 


It is recommended tht "degossypolized" cottonseed moal bo-used to 
replace not-moro than one-half of the soybean meal, on a protein basis, 
in a broiler ration. Small amounts of wheat and oats havo usually in- 
. proved performance when cottonsocd=meal-containing rations were fed, 
Chicks in group 3, (sce table below) roecived tho following rations 
corn 41, wheat 15, oats 5, soybean monl 10.5, "degossypolized" cotton 
sced meal 18.5, alfalfa meal 3, fish solubles 3, salt mixture 3.5, A & 
Doil, riboflavin and pantothenic acid, Growth rato and food cfficioney 
wore vory satisfactory even though the level of cottonscad moal oxcecdod 
the rocommonded «vel. 
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Chick Growth on Rations Containing 


- "Dogossypolized" Cottonseed Meal 
oe : “Sa 3 : L8e5% CS Meal 
Variable in Ration 3: 26% SB Meal :s 31% CS Meal +s 10.5% SB Weal 
"Ae Fe te ae oe : : 
Noe of chicks ¢ 535 $ 24 . $ 35 
Weight, 8 weeks 8 200 : Zel i 200 
Lbs.feod/lb. gain : 2055 it BeTlortong 2465 
3K 36 3 
Discussion 


Questions What was the free gossypol content of the meals you used? 


Answers 0.04% or lower, 


VARIOUS TYPES OF COTTONSEED MEALS IN 
RATIONS FOR CHICKS AND LAYING HENS 
: me: 
C. L. Morgan 
South Carolina Agricultural Experiment Station 


Feeding trials have been conducted with chicks and laying hens in 
which screw press, solvent and hydraulic cottonsced meals have been 
used to entirely replace animal protein supplements and soybean oil 
, meal in standard rations for chicks and laying hens. Two types of 
‘scrow press meal were used in these trials. In the chick rations ad- 
ditions of the amino acids, lysino and methionine, singly and in com- 
bination, wore made to one of these meals, Additions of lysine were 
also made to one of the Ss crow=press-cottonsced-meal-supplemented laying 
rations. Similar rations using soybean oil meal as tho protein suppleo- 
ment were used in comparison with tho cottonsoed-meal=supplomented 
rations, In one case screw press cottonseed meal was uscd to replace 
soybean oil meal in a chick ration contoining animal protein, Vitamin 
Bio additions were made to all rations used in these trialse* 


~ *The author is indebtod to Morck and Company, Rahway, New Jersey, 
for tho Byy supplemont; E. I. duPont de Nomours and Company, New 
Brunswick, Now Jersey, for the DL-Lysine monohydrochloride; and the Dow 
Chemical Company, Midlond, Michigan, for the methionine used in these 
trials, Screw press meals were furnished through tho Southorn Regional 
Research Laboratory and the National Cottonseed Products Associations 
The solvent meal was furnished by tho Buckeye Cotton Oil Companys 


oy. 


In tho chick fecding trials on the basis of average weights of 
duplicate lots of twenty-five Now Hampshire chicks at eight weeks of 
age,‘ greater weights wore obtained with the standard chick ration con= 
taining animal protein,’ tho soyboan oil meal supplemented ration and 
the ration in which scrow press cottonseed meal replaced soybean oil 
meal in a ration containing onimal protcin. Tho weights of the chicks 
on rations in which solvent and screw press cottonscod meals ontiroly 
replaced the animal protein and soybcan oil meal, chick woights wore 
quite similar but ncarly 15% less than the weight of the chicks. on tho 
check ration. Tho woights of the chicks on the check ration in which 
hydraulic cottonsoed meal*‘entiroly replaced the animal protcin supple- 
ments and soybean oil meal wore approximately only ono-half as great as 
the chicks on the'’check ration. Tho addition of 0.1% lelysine to the 
screw-press cottonsced-meal-supplemonted rations did-not increase growth 
rate over the cottonseed meal alone, Tho addition of 0.075% methionine 
to the same ration was not cffoctive. The addition of the same amount 
of lelysine to a hydraulic moal ration increascd chick growth only 
slightly but 0.4% ‘l-lysiné was quite cffcctive. ) 


With tho solvent and tho scrow-pross cottonseed meals, there ap- 
peared to be some rolation between soluble nitrogen and rate of growth 
of the chicks, With the hydraulic cottonscod meal, soluble nitrogen 
wos apparently not a factor in the rosults. Tho total gossypol contents 
of all of tho cottonsecd meals wero nearly the samo, The hydraulic meal 
contained considerably more lipids than tho other moalse 


With laying hons the fcoding trial was. not of, sufficient duration 
to accurately measure tho effects of the various rations upon cee pro= 
duction. Studies on hatchability indicated satisfactory results with. 
the solvont, hydraulic and ono of the screw pross cottonsecd meals. 
With ono of tho screw pross cottonseed meals somewhat reduced hatch= 
ability of eggs was observed, There was no relationship between 
soluble nitrogon, content of the meals and hatchability. 


Eggs stored for 30 days showed no harmful cffects from the foeding 
of any of the types of cottonseed moal used in these feeding trials. 
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COTTONSEED MEAL IN. BROILER RATIONS 


25° Now Hompshiro Chicks (duplicate lots) 8/13/51-5/8/51 (8 wise) 


Ave Woight 8 wks, Food por LD. 


Protoin: Supplemonts* Males Fomales of gain Mortality 
ans” aie a, Gms e Gmse Lbse oT, 
Check 844,0 +. °764,5 2550 0 
CSM hydraulic 412.4 344.9 2, 84 4 
CSM solvent | 720 4 619,8 2459 0 
CSM scrow pross S5—=4 68269 603 69 2—9b7 4 
CSM scrow press S5 Mixturo ar ey: 
of 9 & 10 150695 674.4 276 2 
SBOM (44%) — 902.6 730.8 246 ) 
Check CSM S85 9 & 10 for SBOM 801,2 73994. 2551 6) 
CSM 85 9.410 +40,1% lysino 752,2 64261 260 2 
CSM 55 9 & 10 + 0.1% lysino 
and 0,075% methionine 70002 666.2 274 8 
CSM S5 9 & 10 + 0.075% 
a tibtioningoonnatton yuydbileevag. ods O04, Leake. iene ane 


*For a description of the meals see Table 1 in tho Appendix. 


Questions 
Answers 
Questions 


Answers 


Questions 


Answer ¢ 


2 213k 
Discussion 
Was the 0.1% lysine calculated as free lysine? 
Yes--as free lysine, not lysine hydrochloride. 
What was the free sossypol content of the hydraulic meal? 


0.03 = 0,04%. The content of all these meals was about tho 
same 


Was the solvent meal detoxified? 


YOSe 
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PIG FEEDING TESTS WITH SPECIAL-PROCESS COTTONSEED MEALS 


by 
‘ Pred Hale and Carl i, Lyman* 
Toxas Agricultural Experiment Station 


Four groups of 7 pigs each wero fod individually on experimentally 
progessed cottonseed moals furnished by the Southern Regional Research 
Laboratory. Loderle ts aurofao (aurcomycin with B,,) was added to all 
of the rations, excopt that used in Lot 4, The cottonseed meal fed to 
pigs in Lot 4.was the some kind of meal used in Lot 2. The rations are 
; shown, and the results of those feeding tests summarized, in the follow. 

ing tables. < 
It is noted that pigs fed the meal T-3 used in‘Lot 2 gained 12% 
faster and required 23.7 lbs, loss fecd per 100 lbs» of gain than did 
the pigs fed the samo cottonseed meal in Lot 4, Since the only differ- 
ence in the ration was that the auroomycin with B,, was added to the 
ration in Lot 2, it is indicated that this differcnee in gain and in 
economy of gain is due to the aurcomycin Bio product. 


The pigs in all of the lots made very good daily gains ond also 
economical gains considering the fact that the tests were run during 
“the period of extrome hot weather. These results indicate that the 
vation in Lot 2; where the ration contained 19% cottonseed meal (with 
aurofac: added), will ede excellent results when fed to fattening pigse 


"Rogordite to the rosults 3, the pigs in Lot }- would have reached a 
200 1b. average woight after 83 days on food, the pigs in Lot 2 in 71 
a the pigs in Lot 3 in 84 days, and the pigs in Lot 4 in 80 days, 


;, 1a is of. particular interes st to note that the cottonseed moal fed 
to Lot 2, which made the. fastest and most economical gains, had the 
highest. percontago of soluble, protein, This cottonseed meal also had 
_ the highest -content of thiamine. 


*Prosontod by Drs bymon. Tr ier 


RATIONS USED IN COTTONSEED MEAL. FEEDING TRIALS WITH FATTENING PIGS 
July 12 = September 20, 1951 


: ie OE LCs Nos :£ ae 
Ration in Pounds . L gon me 3 3 Ae eo 
Ground Milo 379 376 376 3:76 
Cottonseed Meal $16 Sl2-P1*3:19 Sl20T3#s319 S13-T4e:19 Sle0PS* 
Alfalfa Leaf Meal 3: 35 3 5 + 5 ae) 
Limestone ¢ 1.5 : 1,5 pubes s 1ed 
Salt $ 0.5 $ 065 # 065 $ Od 
Lederle 's aurofac containing s $ ae $ 
vitomin Byo and aurcomycins 095 ¢ 065 3. 05 s Nono 
*kind of cottonseed uscd (See Table 1 in the Appendix). Since the 


crude protein contont of the T-l meal was 45,19% as compared to 40.44% 
for T-3, and 40,50% for T-4, loss cottonsecd meal was needed per 100 lbs. 
of feed. 
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RESULTS OF FEEDING COTTONSEED MEAL TO FATTENING PIGS 
Tost began July 12, 1951 = Closed September 20, 1951 (70 days) 
All pigs fed in individual pens 
aS Co, :Numbor showing typo of scrow-pross CSM Food 
i “Lotol > “yp GLotr 200 ney Louie ay mboueeeee 
s C-Sehi : C=S-iM $ CS) s CSM! 
an Hog S12-T1*sNo,S12-T3%5No.S13-T4%s No. S12-T3+ 
Number of Pigs por Lotx* 3 7 erLy , ory moe ff 


Avg».Final Weight, Lbs. $ 184.1 ¢ LOTS © ALT ORS 3; 185.1 
Avg.eInitial Weight, Lbse 3: 74,6 g° TSC6 ¢ "7262 s 74.6 
Total Gain, Lbs. ¢ 109.5 ¢ 124.1 s 106.7 : 110,5 
AvgeDaily Gain, Lbs. gO R1856 Gone aa7. eol52 g77 1,58 
Food Per 100 lbs.Gain,Lbs,: 365,0 : 353.7 : 3566,6 : 377.4 
Free Gossypol Contcnt of 3: $ $ : 

Meals, Por Cont g- O,OL9 "y = OCOIS: Bs BOZOSOreqs PAOSCTS 
% Soluble Protein ‘20,0 : 48,6 ; Tes ; 48,6 
Thiamine Content y per gms 10.0 3¢ 14,8 : 9,8 ; 14.8 


*Sco Table 1 in Appondix. 
**Ono pig removed from cach lot duoc to unthriftinosse 
*e*Some C.SeM. and samo ration as in Lot 2 except that aurcomycin 
and vitamin By5 were omitted. 
ck 
Discussion 


Nonce 


He 3 3 
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NUTRITIVE VALUE OF COTTONSEED MEAL FOR CHICKS 


by 
H. Le Gorman, J. R. Reod, Jr., and de R, Couche 
Texas Agricultural Experiment Station 


_ Earlier studios have shown that cottonseod meal is deficient in 
lysine whon this product is uscd ag tho protein concentrate in broilor 
rations. The present study was earriod out to determine the value of 
cottonseed neal se rod by nowor nethods of processing and used at a 
levol of 17-172 % in broiler rations, Throo different cottonseed meals-- 
Noe 514 (nixture of Nos. 5 and 14, Scrics 5) S-12-T3 and a special 
solvent extracted moale-wore uscd in theso studics (Sce Tables in Ape 
pondix). The first two were supplied by the Southern Regional Rescarch 
Laboratory, Now Orleans, Louis siana, and the specinl solvent extracted 
meal was supplied by the Buckeye Cotton Oil Company, Cincinnati, Ohioe 


Three exporinents were conducted, Tho first two tests wore carricd 
out with Now Hampshire chicks from the flock naintoined by tho Poultry 
Department, Texas A. & Ms Collego System, Collego Station, Texas, Ap- 
proximetely 30 chicks were used in cach group, and tho chicks were 
maintained in battorios with raised screon floors. Tho third tost was 
carried out with chicks kept on sand litter in a brooder houso on Sub- 
station.21, of tho Texas Agricultural, Experinont Station, Gonzales, 

_Texase One hundred New Hampshire chicks, obtained from a local hatchery, 
wero used in cach group in tho third experinent. Cottonseod meal No,» 
514 and the special solvont cxtracted meal were used in the first and 
second coxporinents. Cottonsced moal S-12-T3 was uscd in the third test, 


The basal ration usod in the first and second cxpcrinents consistod 
of soybean oil meal 35%, ground yollow corn 25-1/2%, ground milo 30%, 
steamed bono meal 2%, ground oyster shell l- 1/2%, dohydratod alfalfa 
leof meal 3%, dricd whoy 2%, salt 072% and vitamin Bys and antibiotic 
feed supplement containing au keOmcin 1/2%. In addition the dict was 
furthor fortified with 2 mg riboflavin, 9 mg niacin, 4 mg pantothenic 
acid, 10 mg of choline and 600 A.O.i.C. chick units of vitamin Ds per 
lbe of foed as well as. with 5 groms of manganese sulphato por 100 lbs, 
of foed, Tho above mentioned B vitamin levels were doubled in tho 
third oxporincnt. 


It is apparent fron the data of the first experiment that cottone 
sood meal Nos 514 and the special solvont oxtracted meal can be uscd to 
supply 1/2 of the protein feed required in a broiler ration, Earlior 
studios have. shown that cottonseed moal 514 produced a fair rate of 
growth whon used as tho only protein supplement in a broiler ration. 
Best results. are obtainod, however, when cottonscod meal is used at a 
lovel. of only 171 /2% in a ration for the production of broilors, 


*Proscnted by Dre Couchs 
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EFFECT OF FEEDING COTTONSESD MEAL 514* (MIXTURE OF MEALS 5 ond 14) AND 
SCLVENT EXTRACTED COTTONSEED MEAL** ON THE WEIGHT AND FEED EFFICIENCY 
OF NEW HAMPSHIRE CHICKS AT 10 WEEKS OF AGH 


First Experiment 


sAvg. Weight in Grams : Feed Efficiency 
Supplement to Basal Ration : Cockerels 3 Pullets + wily ear 
: : : 
None t 1079 $ 887 : 2089 
Cottonseed meal 514 : 1048s 892 : 209) 
Cottonseed meal 514 (17,5%)+ 3 : $ 

Soybean oil meal (17.5%) : LOSRE Ne “OGy My » Peer 
Cottonsecd meal 514 (17,.5%)+ 3 : : 

Soybean oil moal ’ (17,5%)+ : : : 

DL-lysine (0.3%) : 2171 Gh? Sens | 2eoP 
Special Solvent i ae Meal L010 $ 898 : 5e14 
Special Solvent Extracted Meal 3: : $ 

(17.5%) + Sines n oil meal : : : 

_ (17.5%) | ge ONT 2G 0 GEIS Mae | 2484 


*Supplicd by Southorn Resional Laboratory, New Orloans, Louisiana. 
**Supplied by Buckeye Cotton O11 Company, Cincinnati, Ohio. 


It is apparent from the data of tho second experiment that the 
growth obtained from the feeding of cottonsced meal or soybean oil meal 
can bo further improved by the addition of fish meal. It is believed 
that the fish meal is supplying some as yot unidentified factor required 
for the maximum growth‘of tho chick. 


' EFFECT OF FEEDING SOYBEAN OIL MEAL, SPECIAL SOLVENT BXTRACTED COTTONSEED 
MEAL* AND FISH MEAL ON THE WEIGITS AND FEED EFFICIENCY OF NEW HAMPSHIRE 
CHICKS AT 10 WEEKS OF AGE 


ee eee ee Second Exporimont 
~ &_ Ave Weight in Grams ~ Food Efficiency 
Supplement to Basal Ration s_ Co _ Gockerels 8 Pullcts _ $ 
qr tha $ $ 
None ¢ 10633 884 3 3209 
Special Solvent Extractod Meal ; 1041 : 884 t 5el4 
Fish meal (3%) + Soybean O11 3 p : 
Meal (30%) : L118 | GBT 2471 
Fish Meal (3%) + Special Sol- 3 ¢ : 
~vent Extracted Meal (30%) $ 1096 $ 856 z 3e29 
Soybean oil meal (17.5%) + : : : 
Special Solvent Extracted $ $ : 
Meal (17,5%) : TES) GSB ay 2485 
Soybean O11 Mcal (15) + Specials : : 
Solvent Extractod Mcal (15%) ¢ : 2 


+ Fish Meal (3%) vot 1390 hy Seber dg 3414 
«Supplied by Buckeye Cotton Oil Compa any, “Cincinnati, , Choe 


(2 29- 


‘50% protein soybean oil meal was used in the third expcrimont. 
The level of this moal was adjusted so that tho protcin content of the 
rations in the third test was approximately thc same as that of those 
in tho first and sccond cxpcriments, It is apparent from the data of 
the third tost that a mixture of soybean oil méal and cottonseed moal 
(17-1 /2%) ) produced somewhat bettor growth than did this sample of 50% 
protein soybean oil moal.e in incroase in growth was observed when cither 
the soybean oil meal or the soybean oil meal and cottonseed meal rations 
wero supplemented with methionine, fish meal, and fish meal and methio-= 
nino, Foed cfficioncy was improved by methionino supplementation as was 
the foathoring of the chicks, It should be pointed out that the bost 
featherod chicks worc siven a score 4.0,. Therefore, tho best feathcring 
is indicated by tho highest foathcr score.~ Growth ond foed efficiency 
wore particularly improved when fish moal was fod' with incthionine. Fish 
_ meal apparently contains a factor which is nocessary for best methionine 
utilization. It is belicved that the responso obtaincd with the fish 
moal is due to an unidentified factor in this material and not necose 
sarily to the amino acid content, 


Cottonsood meal, manufactured by the newer mothods of processing, 
can be used at a . level of 19.10/24 in broiler rations with ware good roe 
sults. Growth can further be cnhancod by tho addition of 2% fish moal 
and 0.05% methionine to tho cottcnsccd meal-soybean 011 meal formula. 


EFFECT OF ADDING METHIONING AND FISH MEAL TO A SOYBEAN OIL MEAL RATION 
AND TO A SOYBEAN OTL MEAL--COTTONSERD MEAL* RATION ON THE WEIGHTS, FEED 
EFFICIENCY AND FEATHERING ON NEW HAMPSHIRE RED CHICKS AT 10 WEEKS OF AGE 


* 


Third Expcrimont 


Supplement to sAvorage_ poe in Grams: Feod ; foathor 
Basal Ration 1: Cockorels Pullots $s Efficioneys Score 


a 50% Protein Tseeboa O11 Moal 


None fh LPAGZEL SYS TO12Z0O7 »¥ 2682 $ 2486 
Mothionine (,.05%) ¢ 1175629 ¢ 990.40 3 aerTe ley hes 529 
Fish Moal ee } PUTISES IG! gg -LOS2E77 OE 266 «92,69 
Fish Meal (2% : : : $ 
Mothioninoe (,057) : 1299,25 ¢: 1069,05 3 2.62.) pw Syee 


One Half 50% Protein Soyboan Oil Moal and Ono Half Cottonseed: Meal 


Nono Mm U19776 5 91085.45 s 2yBB ete 58.77 
Methionine (.05%) #¥91500402 9801072, 89% “g/ + (2,81 6 ge 73.28 
Fish Meal (2%) # 1265515 s3* 1069,90 3 De TO F450 S,08 
Fish Meal ( ma t 7 gin pe 
Mothionine Hino (605%) f 1527 282" peOLEOP7905 479 9B,7EN Ms  S5h0 


“*xControl cottonsocd moal S-l2-T3, supplicd by Southorn Regional 
Laboratory, New Orleans, La. Sco Tables in Appendix, 


ok 
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EVALUATICNS OF NUTRITIVE VALUE OF COTTONSEED MEALS AS SWINE FEEDS 


by 
J. C. Blight and N. R, Ellis 
Burcau of Animal Industry 


At the 1950 conference at the Southern Rogional Rescarch Labora- 
tory, rosults wore reported on fecding tests completed up to that date. 
Cne trial was described covering comparisons of protein valucs in four 
moonls of scries 5 and designated 1 (Sec Table 1 in the Appendix), 9 
10, and 13. The average daily gains of the groups of pigs fed Ghose 
meals wore 0.88, 1207, 1.21, and 0.99, respectively, as compared to 
1,19 for ‘the cowie) group fed soybean meal. The rates of gain fol- 
lowed the same order as the values for soluble aap oe in the cotton~ 
--sood moals.s 


Because several pigs became lame on the cottonseed meal dicts, a 
sccond trial has been conducted during tho past yoar.e The avorage 
' daily gains wore 1457, 1e16, 1.34, and 1,29 for the cottonseed meals 
in the order alrcady given as compared to 1.55 for the control group 
on soyboan meal, Those gain figures do not follow the samo ‘order as 
found in tho first trial, Evon though the rates of gain were somowhat 
greater, cven moro lamoncss was oncountered among the pigs fed cotton= 
socd ee The disorder sceoms to havo vitiated measurement of tho 
protein values. This poculiar lamencss appears to bo associated with 
a factor or factors in the cottonseed meals and must be investigated 
furthor before testing of protein cfficiencics can bo resumod. 


In addition, a rat fooding tost to measure protein officioncy has 
beon conducted in which tho same four moals along with meal No, 16 of 
Scrics 5 and another meal dosignated as No. 10, Serios 6 (Sco Appendix) 
have becn compared with soyboan mcal, Results of this test show some 
variation between moals and in the same ordor ag the solublo nitrogen 
values, thus indicating a closo association of nutritive valuc of pro- 
tein with soluble nitrogen. (Sce the following table). 


RAT GROWTH RESULTS FROM A 4 -WREK FEEDING TEST ON c/s MEALS FROM SERIES 5 
‘Lat Woanunde os SEAL aco — 13 LG sh) Galo onS50,Me 


Noanimals/froup 8 8 8 8 8 8 8 
ivgeinitial wt. (gns.) 5535 55.6 5566 55.6 55.5 5565 155.6 
Avgetotal gain e 8702 9264 101.6 89.4 94,6 100, 2 Gt00,1 
Solnblo Ng in moals 165 3167 47,4 26.5 S4.8en) Yooe 

kAVOraAgO ‘of 16 and 18b», een a tia fe 


(2 ee een Re et ne es woe 
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Discussion 


Questions What ration was uscd for the hogs--was it synthetic? 


Answor s 2/3 of the ration was ycllow corn, 26 - 30% was cottonseed 
meal. It also contained alfalfa, a mineral mixture contains 
ing calcium ond phosphorous at tho levels recommended by the 
National Rescarch Council, Pantothenic ncid and riboflavin 
were added in the.socond round. In other words, it was .a 
typleal practical ration, 


Questions Was any vitamin D supplomont uscd? 
Answer Noe 


‘Questions Are tho recommended levels for calciun and phosphorous too 
low for.all typos of rations? 


Answor ¢ Possibly - future studics should answor this quostion, 
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EXPERIMENTS ON GOSSYPOCL IN DIETS -FCR CHICKENS, AND ON PINK 
DISCOLORATICNS IN EGGS CAUSED BY SOME COMPONENT CF COTTONSEED 


by 
Burt W. Hoywang 
Southwest Poultry iixperiment Station, BAI 


~ 


During the past ycar oxporimoents have been conducted at our sta} 
tion to obtain information on the level at which froe gossypol has an 
adverse effect on ogg production and the level at which it causes dise 
colorations in ogg yolks, In still another exporiment cottonseed pro# 
ducts wore included in diets to dotormine if the component of cotton~ 
scod that causes pink discolorations in-oggs is found’ in the oil, hulls, 
or pigmont glands, and if cortain solvants will remove the component. 


The results of somo of these experiments are indicative rather 
than conclusive, but it is folt that they are of cnough interest to 
warrant discussione 


Keg production did not docrease when the dietary level of froe 
gossypol was as high as 0,0124%, but did decrease whon it was 0.0166% 
or more. Discolorations appoared in the yolks of a‘fow fresh eggs whon 


the dictary lovel of frco gossypol was as low as 0,005%, and in tho 
yolks of a fow cggs held in cold storage whon the level was only 0.003%, 
Hatchability was not improved whon soveral compounds with amino groups, 
or sardine meal, were included in dicts containing 0.026% froe gossypole 


No pink discolorations were found in the yolks or whites of oggs 
from pullots fod dicts containing cottonsced hulls, mothyl ethyl ketone 
extracted moal, isoebutano extracted meal, or a gossypol-slycinc compound. 
Pink discolorations worc common whon ion dike dénkobeed crude cottonsecd 
oil or raw cottonsced moats. 


In an experiment on the free gossypol tolerance of young chickens, 
two sets of seven diets each were fed to groups of 20 White Leghorn 
chicks, The base dict in one set contained 30% soybean moal as the only 
protein concentrate and the other six diets contained 30% cottonseed 
meal as the only protein concentrate, Partly because we were not certein 
that tho soybean meal or the cottonseed meals would supply enough avaoil- 
able lysine to the dicots, the baso diot in the other set contained 22% 
soyboan meal and 5% sardine meal and the othor six diets contained 22% 
cottonsced moal and 5% sardine meal, All 14 diets were of similar pro 
tein contont. The samc cottonsced meal was included in ono dict in 
each sot. The dicts wore fed for seven weeks, Tho results are scen in 
the following tabloe 


EFFECT OF FREE GOSSYPOL ON THE GROWTH OF CHICKS 


aS ae eee ST : Average woights of 
Free gossypol in diot $ chicks at seven weeks 


Dicts containing no sardine meal 


2 0000% (The dict with no gossypol con- 256 fe 
20069 tained 30% soybean meals tho 308 
20141 other six dicts contained 30% 257 
00186 cottonseed meal ) 228 
20270 : 212 
20390 F 208 
Basi Nis ee shyt BhOly ae 202 


Diots containing 5% sardine moal 


20000 (Tho diet with no gossypol con- 360 
20051 tainod 22% soybean meal and 5% 320 
20103 sardinc meals; the othor six diets 541 
20136 comtained 22% cottonsocd meal and 553 
20198 5% sardino meal) mol 
20286 g 284 


20462 $ 265 


ES LE ER RRS CY ET | RL ARIE OE NE TR A OT ELE, EE ETRE OE A ar SON 
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In all instancos where comparisons wero possiblo, higher avorage 
woight was obtained on the diets containing sardine moal than on the 
diets not containing it. This indicates that the seven dicts not con- 
taining sardino meal wore deficient in some factor, or factors, neces» 
sary for growth, It scems probable to me that the diets were doficiont 
170 eran 

Howovor, the lovel at which free gossypol retardod growth seems in 

: the same general range on both sets of diots, Whon the diets did not 
contain sardine meal, the level at which free gossypol rotarded growth 
was betweon 0,0141 as 0,.0186%. Whon tho diots did contain sardino 
moal, the level at which froc oh a tal retarded growth was between 
020136 and 0.01987%. 

th my opinion, moro data aro necded before wo can say much about 
the level at which freo fossypol rotards the growth of young chicks, 
Mortality was low in all 14 groups, Deaths that did occur apparently 

. wore not attributable to the free gossypol content of the diets. 
7K 3s 


Discussion 


Questions Was gossypol added to a soybean basal dict, -in the experi- 
ments with laying hons? 


Answers YOSe 
Questions lies was the source of the gossypol? 


Answor _. It was added a as raw decorticated cottonsced ee 0 483% 
pitas, froo gossypole ; 


Questions’ “Wore the dicts analyzed for gossypol aftor mixing? 


Answors NO. The components wero onalyzed before incorporation pa 
: Iie ak spit 


‘ Questions Can fates discoloration in fresh oges be secon without exposing 
' thom to ammonia? 


Ansvwors Yose 
Questions Can you get a gossypol test on discolored ogg yolks? 
Answors Haven't tried to got such a tost, 


2 
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COMPARTSON OF IN VITRO AND IN VIVO METHODS 
OF PROTEIN EVALUATION OF COTTONSEED MEALS 


by 
fadelyn Womack 
Bureau of Human Nutrition and Home Economics 


The protoin quality of a number of cottonseed meals has beon 
studied by fceding the meals at a lovel of 10% protoin to young rats in 
an otherwise adequate ration. The protein efficiencies (grams gain per 
gram of protein oaten) variod froma low of 0.54 ina badly overheatod 
moal to a high of 2,87 for a solvont extracted moal, At the same timo, 
the meals wero subjected to acid hydrolysis and amino acid onalyses wore 
made by microbiological assay to dotermino whether or not there was any 
correlation betwoon the amino acid content of tho meals and their nutri- 
tive valuce : 


The badly overheated meal with a protcin officioncy of 0.54 had a 
lysine content, calculated to 16% nitrogen, of 3.98%, while a solvent 
oxtractod meal, with a protein officioncy of 2.64 had a lysino content 
of 4.74%. Howover, throe other meals, with lysine valucs of 4.75, 4,76, 
and 4480 had protoin officiencies of 1.70, 2.01, and 2,28, Moreovor, 
the values for most of the other amino acids, except thoso for methionine 
and possibly histidine, were within the limits of experimcontal orror of 
the amino acid assay mothod, It was apparont that little information on 
the nutritive valuo of the mals could be obtained by determining tho 
amino acid contont after acid hydrolysis. 


Whon tho amounts of the amino acids liberated by enzymatic hydroly-~= 
sis woro doterminod by microbiological assay, larger differcneos wore 
found in tho amino acid analysos of the various mcals. Tho amount of 
lysine liberated variod from 0.81% to 2.38%, ond the high and low values 
were found for meals with high ond low protein cfficioncicse However, 
there was no correlation of protein cfficioncics with the lysine liberated 
by the cnzymes in the intermediate ranges of protoin officioncios, A 
similar picture was obtained for the amounts of methionine found aftor 
enzymatic digestion, (Seco the following tablo.) 


Comparison of the Lysine and the Methionine Contents* (Enzymatic 
Hydrolysis) of Cottonsocd Meals with Their Protoin Efficioncios. 


Lysine Methionine Protoin cfficioncy 
Te To gmegoin/em.protoin caton 
0,81 0.40 0,54 
1.10 0.50 2eO0L 
1.6565 0.57 2.28 
1.67 0.58 1.70 
aie 1.12 2090 
2008 olen 20 64: 


*Calculated to 16 perecnt nitro gone 


Pa 


If the valucs obtained aftor ongymatic hydrolysis for ‘all ten of 
tho "essential" amino acids from meals which had undorgone various pro= 
cessing conditions are compared with tho amounts liberated from an un- 
heated meal, a nutritive indox can be obtained from the in vitro experi- 
ments, Tho total of the amino acid values obtained for the solvent} 
oereeted meal is taken as 100 and tho valuos obtained from tho other 
meals related to it. Similarly, the protoin officiency of the solvent- 
extracted mcal is called 100 and tho protein officicncics of the othor 
moals rolated to it. In this mannor nutritive indicos from in vitro and 


in Vivo oxporimoents can be comparcde | Tho results obtained with one 


sorics of meals aro givon bolow, Tho results do not show complete agrec- 
ment for all tho meals but they indicate that an amino acid analysis 
aftor enzymatic hydrolysis may bo of some value in assessing protcin 
qualitye 


Nutritive Indices ee 1 Mool.s)* 


Cottonseed From a ae Fro rat 

_Mool Nog studics growth studics 
8 87 86 
7 83 80. 
6 82 90 
9 76 68 
i 75 73 
4. 75 68 
3 es 69 
2 70 80 
5 59 22 


*Sco Table 3 in the Appondix. 
KK 
Discussion 


Quostions How was the amino acid composition of the moals , as detorminced 
by tho nicrobiological ASSQYS, POE peal 


Ansvor The average valucs of the 10 essontiol amino acids wero com= 
parod with those obtained for solvent oxtractod meal which 
was arbitrarily assigned tho valuo of 100, 


Questions Was tho solvent oxtracteod moal used a mo thyl-othyl-kotono 


moal ? 


Answers YoSe 


Quostions 
Jnswers 
» Quostions 
‘osvors 


Questions 


Answor 3 


Questions 


{mnswor § 
Qucstions 


Answors 


Le eeeteiiees ones gael 


Questions 


ernest et 


inswor¢ 
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At what protein level were the rats fed? 


10% level. 


‘How long were they fed? 


6 woakss 


Would a higher level of protein in the dict show tho differ- 
once in protein quality bettor? 


Probably not as woll, as differences would be levelcd out, 
If higher levels aro usod gossypol effects may confuse tho 
results. Tho 10% lovel of protcin scoms to be optimum for 
studies of this typee 


Do rots show less sueccptibility to gossypol than other 
animals? | 


Yose 
Were there othor differences in the meals? 


Thero wero difforcnces in the methods of preparation, as well 
as differences in thiamine valucs and in nitrogon solubili- 
tics, Thiamine was thought to be a possible index of protein 
quality, rathor than oa critical component of the dicot. 


Does thiamino predict protein cfficicncy better than soluble 
nitrogon? 


In our coxpcriments the protein quality was corrclated moro 
with thiamine content than with nitrogon solubility. For the 
limited number of observations on rats this is truco but tho 
numbor of observations is too small to draw general conolue 
SLONSe 


(A genoral discussion of tho importance of standardizing the protcin 
content of experimontal dicts followod). 
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ROUND TABLE DISCUSSIONS 


Hebe. 


WHAT ARE THE LIMITS OF FREE GOSSYPOL CONTENT THAT AFFECT THE 
ALUE OF COTTONSEED MEAL IN HOG AND CHICK FEEDS? 


Discussion Loaders Je Re Couch 


Gouch 

Three main points can be summarized from our discussions yesterday. 
First, there is a decided state of confusion in our minds about the 
limits of free gossypol in cottonseed meal that will affect the 
nutritive value, Second, it is apparent that in all future experiments 
the gossypol content should be determined. Since, as F, He Smith 
reported, 0.046 and 0.052% gossypol showed no differonce in the effect 
on growth, it seems highly important to know the gossypol content at 
all times, Third, all investigators should use the samo basal ration. 
One stop in this direction is that all investigators are now to use the 
same soybean oil moal = produced by Central Soya. 


It is a well recognized fact that gossypol will inhibit growth and 
in some cases cause death, but our rosults vary. Hale at Texas A. & M. 
found that 0.06% gossypol will kill pigs and 0.04% will retard growth. 
Boatner reported in 1948 that 0.13% gossypol did not inhibit growth; Bird 
in 1949 that 0.063% did. Heywang has reported inhibition of growth with 
much less than 0.06% gossypol. All this would seem to indicate that the 
ingrodionts of the diets were not controlled. 


Two investigators yesterday reported on the addition of 0.4% lysine; 
in one case tho effect was good, in the other it was note It is perhaps 
suggested that lysine detoxifies gossypol - that gossypol uses up some 
lysine. 


In order to obtain uniform results, we need a uniform ration for 
pigs, chicks, and hens, so that we may be able to study the effects of 
only one variable - the percent of frec gossypol. 


Altschul 


Before further discussion, it should be clearly understood what is 
meant by “free gossypol." We define it as that amount of gossypol that 
is readily extractable by aqueous acetone according to the official 
A.0eC.S. method doveloped by Pons and Guthrie, We must clearly define 
this term since, obviously, different methods of analysis will produce 
different results. 


Heywang 


On the subject of the level of gossypol in feods for baby chicks, 
I must reiterato that the data obtained were indicative rather than 
conclusive. Ingredients used in the basal dict for chicks included 


sardine meal, ground maize and 5% alfalfa meal, . Some limestone, 
fermentation solubles, and vitamins A’and D were addede 
q 4 

In one series soybean oil meal was used and raw decorticated 
cottonseed was added in different calculated amounts to furnish the 
dosirod levels of gossypol in the diet, With a diet with 40% cotton- 
seed meal of 0.0132% fred gossypol content, I would not attribute ‘the 
slow growth to gossypole 


Results of two series of feeding tests were: 


Range of Free Level of Free 


watts ok vk bosddaypo) (Z)H Miroyar' eGossypoledhyer be Pe 
Basal Diet Levels Tested Causing Growth Inhibition 
(1) 30% S.O.M) with no added Ness 
6 C/3 M) sardine meal 0.0069% = .063% - : 0,0141% » 
(2) 22% S.0.M) with 5% added 
22% C/S M) sardine moal 0.0051% = 0,0462% 0.028 6% 


Better growth was obtained with the dicots containing 5% added sardine 
meal; this effect may have been duc to lysine present in sardine .meal 
tying up gossypol. No chicks died in any of these experiments, but there 
was definite growth inhibition with some of the diets. 


Alderks 


Based on your (Heywang's) results, a level of 0.04% free gossypol 
in cottonseed meals used in dicts for growing chicks is O.Ke 


Heywang 


Yes, provided cnough lysine was present in the dict, With sufficiont. 
lysine the level of free gossypol in the meal which would be fed safely 
might be higher than without the lysine. We probably could recommend to 
commercial poultry men that they use cottonseed meal as the sole source 
of supplementary protoin if enough lysine is added to the basal diet from 
anothor sources . f- wa ; rf + Sa 


a ahd 


Eagle 

What level of cottonsdoed medlicf this (0.04%) gossypol content 
may be fed? “eitaat SE lo : 
Heyweng 


30% cottonseed moal of 004% gossypol may be fed; meal containing 
0.08% gossypol may not be fed at the 30% level but may possibly be fed 
at the 15% level, I might mention that hydraulic-press cottonseed.meals 


ge ANY 


in Arizona always havo a lower gossypol content than meals prepared by 
.the same method in the South, Commercial screw-press:meals usually 
have about 0.04% gossypol. 
Kuiken 
| Is the zbetypol content tits Se cupdtvia eer in this area? 
Hoywang | | 
, Raw meats have she 8 analyzed to give 0.83% gossypol. 
Question: Does anyone have data on seed from other localities? 
Altschul 
Some: run as high as 1.2%. 
man | 
Meats at eeitdee Station Teele are NPE es 0.8 to 0.9% 


gossypol; which is less than for those in the ania where the gossypol 
conterit is usually greater then 1%. ; 


Heywang 


Raw meats were not ground until they were put into the diet; they 
were not ground in Mendes quantities and stored. We used an old coffee 
grinder. ita 


Rusoff 


In the second experiment (with sardine meal), the growth rates 
are higher, Would you say that faster growing birds apeniens tolerate a 
higher level of eee in their dicts? 


Heywang 
I would suspect that it was because “the: diet. was better. 
Rusoff 


Some investigators use B,, and antibiotics, Perhaps we should 
re-evaluate our diets to see iP? faster growing birds can tolerate more 
gossypol with such additions. 


Heywang 


Different hens have different tolerances to the amount of gossypol 
in their diets; and we need to use large numbers to oliminate individual 
differences. I never found the addition of Bye to stimulate growth when 
using cottonseed meal. 


ont TEs 


Alderks 


How was the mash fed, dry or wet? My reason for asking this 
question is the fact that cottonseed meal is usually ground to pass 
60 or 80 mesh, It is questionable whether or not tho chicks would eat 
very fine cottonseed meal during the feeding test. 


Hoywang 


We used an all mash dict - dricd, Used a type of corne-milo--which 
ground better, so as to make the mash more homogencous,. Thercfore,s 
chickens had very little chance to leave any. 


Couch : 


To sum up, it scoms safo to use-cottonseed meal containing 0.04% 
gsossypol as 30% of the diet of growing chicks = limited only by the 
level of.lysine which can be supplied in the diet by added natural 
sources, since there is no cheap method for the production of lysine 
commercially. Woe need to standardize the Bio and antibioti¢iadditions, as 
well as other vitamins, 


_Heywang (to Dr. Morgen) 

Is: it true that you also had no mortalities as a result of fecding 
gossypol? a. 2 
Morgan 


Yes, that's true; however, the level of gossypol was never. over 
0.04%. Meals used were all of practically the same gossypol content. 
Evidently, when slower growth occurred on diets containing 0.04% 
gossypol, this was not due to gossypol, but to some other factor, 


Wallace 
What is the fate of bound gossypol? What do we know of the combina- 


tion of gossypol with the components of the meal? Does the combination 
go through the digestive system of the animal unchanged? 


Bound gossypol, that is, bound by natural. constituents of sthe 
mel, passes through the chick unchanged, 


Couch 


Dr. Kuiken, will you comment on the fate of gossypol bound by 
artificial means in your "degossypolized" meal? 


lig Dillon 


Kuiken 


Gossypol in our product is very tightly bound. There is no 
question but that such Bos sypol goes through the digestive system 
in its bound form. 


Eagle 


_ With respect to ound gsossypol, we have studied combination 
products of gossypol with glycine,‘dextrose and protein. These were 
administered to rats by stomach tube to be certain that there would be © 
no question of intake, 


Those bindings do not cause differences in acute oral toxicity ~ 
except for difference in the free gossypol content, Howover, the 
gossypol content of a mixture is no indication of toxicity. I have 
always found cottonseed pigment glands more toxic than gossypol alone, 

I believe there is something in pigment glands more toxic than gossypol. 


‘Kuiken 


Has the toxicity of gossypol combination products ever been 
evaluated in terms of solubility? Gossypol toxicity may be mocified 
by other components of a diet. I seriously question that amines 
(amino acids) and’ gossypol will combine tightly enough to withstand 
digestive juices, There is no measure of how much gossypol enters 
the blood stream, and this is seriously needed, 


Is the solubility of gossypol increased by combining it with 
glycine, in the form of the gossypoleglycine complex?. Can we change 
the toxicity of gossypol by adding ns fig to the basal diet, for: 
BI surfacesactive agents? © 


Altschul 


I am not in agreement with Dr. Eagle. In collaborative work with 

“Dr. Boatner, Dr. Eagle found that he could not get as high an acute oral 
toxicity, on rats, with gossypol as with pigment glands, These results 

could be interpreted in the following ways; 


(1) There is something in the pigment glands more toxic than :- 
gossypol; or (2) gossypol, as it exists in the og ehieae SN Sp, 16. n0t 30 
the same form as insoluble, th gossypol. c 


Fractionation of pigment glands, with the intention of finding 
one fraction more toxic than gossypol, was attempted, but with no 
SUCCESS» 


The second approach triod was to react gossypol with other 
substances to make complexes, or “compounds," in order to see if we 
could change. the toxicity of gassypol. Tests on goldfish showed a 
difference in toxicity of these complexes compared to that of gossypol; 
the complexes were more toxice One complex, prepared by reacting equal 
parts by weight of gossypol and glycine, was sent to Dr. Bagle and also 
to Dr. Martin of Tulane University for feeding tests. duties’ 


Dr. Martin could not kill mice with as much as 12 g/kee body wt e 
of the glycine complex. When he fed mice a solid mixture of BOnSY ROL 
and glycine, he found it to be toxic, 


Dr. Hagle tn several different gossypol glycine complexes, 
containing different ratios of gossypol to glycine. Dr. Martin found 
that one complex, gossypol dextrose, seemed to have a greater oral’ 
toxieity on mice than did gossypol, I do not believe it is necessary 
to postulate the oxistence of some*material in pigment glands which . 
is more toxic then gossypol itself, 


Begle 
I disagree. 


I tested a sample of gossypoledextrose and found it to have an 
LD¢ 5 higher than gossypol, or to be less toxic than pure gossypol. D5 
is dofined as that amount of the material tested whi oh will kill colons of 
the animals bel a a specified length of time. 


The following results wore obtained when differcnt samples of 
gossypol complexes were fed to rats: 


Ratio of e 3 

Complex :gossypolsglycins: Ig, (mg/kg) 8% Gossypol 
Gossypol-glycine 1:9 “>> 6000 * Tan 

aR 131 Ra +> 6000 5246 

. ‘aod 931 2355 52.5 
Gossypol-dextrose 2/ 3726 3842 
Gossypol-peanut protein 3220 5260 
Gossypol (100%) 2720 100 . 
C/S Pigment Bp ee ue 2170-925 28. 6=40 


bed 4 Gossypol-glycine (9:1) ‘found to have JrepiRy lower LDs9 
than gossypol, but difforence is not significant. 
ge Gossypol-dextrose found to be less toxic than gossypol, 
3/ Tested a number of samples of cottonseed pigment glands of 
differont gossypol content, eo: found that toxicity of the pigment glands 
could not be correlated with % gossypol in the glands, : 


Pies 


Kuiken 


In the gossypoleglycine complex of ratio 9:1, does that mean that 
the gossypol content is 90%2 


tetthe molar ratio in that complex ‘e appe 73le 
The percent of seers in that sample is 52.5%. 
eRe | 


Yet that sample was found to be more toxic than 100% gossypol. 
Is it more soluble, thus more toxic? 


Altschul 
Yes, solubility might be the answer, 


Eagle 


Sometime ago, it was suggested that gossypol might be used as 
an appetite depressant. for humans, and thus might be a possible cure 
for obesity. Unfortunately, when wo tested gossypol on dogsy it was 
found that very small chronic doses killed all of them. 


Castillon 


Gossypol dextrose, when fresh, is light in-color and water-soluble, 
but on storage becomes darker and less solublee The sample that Dr, 
Martin tested was fresh, whereas the sample Dr. Bagle tested had been 
stored for a while, This might explain the difference in toxicity they 
obtained upon testing their samples of gossypoledextrose. Dr. Martin 
found that within 3-weeks! storage of oe ~dextrose,y its toxicity 
had decreased. 


Altschul 


In these various complexes, the analysis for free gossypol, by 
the p-anisidine method, may not give.a completely. accurate picture of 
the amount of gossypol actually bound in the complexe The aqueous 
acetone used in this method may break the binding of gossypol and the 
other material sufficiently to give a higher percent of free gossypol 
than is actually present, Several different binding agents were used, 
therefore the character of the bond might vary from one complex to 
another « 
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man 


It is possible that. the various forms of gossypol have different 
toxicities, Pure crystalline gossypol is insoluble in water; however, 
gossypol, as released from pigment glands by treatment of the glands 
with water, is in colloidal suspension in water, which is probably due 
to the fact that gossypol exists in some loosely-bound «state in the 
glands, The form of "free gossypol" as it exists in ono meal may differ 
in toxicity from that in another meal, For example, two meals, both 
containing 0.04% free gossypol, but processed by different methods, may 
have entirely different effects on growth, A parallel toxicity study 
of meals produced by difforent processing methods is needed. 


Ward 


Free gossypol in raw meats may have a different toxicity from 
that in cottonseed meals. 


Aliderks 


The average free gossypol content of raw cottonsced moats is about 


he 


On the basis of the average size of a single pigment gland, I 
calculated the number of pigment glands in a ton of cottonseed; it came 
out to be 36 billion pigment glands per ton of seed, Most of these 4 
glands must be broken in order to detoxify the gossypol present, When 
4 meal is cbtained which has 0,01% free gossypol, does that mean that 
there are still 1/100th of the original pigment glands still intact-- 

360 million? 


Is the "free gossypol" we measure in cottonseed moal in 
unruptured glands or not? 


Thurber 


It mst be remombered that tho "freo gossypol” of which we speak 
is that gossypol which is <:soluble in 70% aqueous acetone, and different 
methods of anelyzing for "freo gossypol" will produce different values, 
Thorefore, we should all use the same method for gossypol determi- 
nations. These determinations should be made at the time of feedings 
as it has beon found that when cottonseed meals stend, the free gossypol 
decreases, especially those with higher free gossypol content and 
when the meals have been mixed with the renainder of the ration, It is 
again pointed out that all should use the same ratione 


Moals sent to Dr. Heywong had very few whole pigment glands. 
However, when raw seed was used as the source of gossypol, the situation 
is different, as very few glands are broken when raw seed is merely ground. 
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Pominski 


As it is kmown that peanisidine reacts with other pigments to 
give the same reaction product, as gossypol, it seems as if we should 
have a method for the determination of gossypol alones In this way 
we might be able to distinguish between two meals which both have 
0.04% free gossypol as measured by the peanisidine method, but which 
have different effects on growth. 


Eag le 


I would suggest to those who work with chicks that they add pure 
gossypol to the diets. I found 0,05 to 0.1% the critical level for 
ratse 


Heywan 


We added gossypol in mixed diet to chicks, We found that by the 
end of the experiment most of the gossypol had disappearede 


Eagle 

Did you keep the diets in a cooler? 
Heywang 

Nos 
Karon 

We have just completed a study where we added pure gossypol to 
diets. We definitely found a disappearance of gossypols The loss 
was greater in diets high in alfalfa, 
Barrontine 

At Mississippi College, we checked the gsossypol content of diets 
at. various stages during storage and also found a definite destruction 
of gossypol in the presence of alfalfa, Even when a mixture was 
analyzed immediately, wo never recovered more than 80% of’ the 
gossypol originally added, 


We need more study on methods of snalysis of mixed diets. 


The iron content seems to have some effect on the disappearance 
of gossypole ; 


We definitely need to have work done on the determination of the 
specific physi logical action of gossypol, The symptoms seem. to 
resemble deficiency conditions, Is it cumulative? 
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Rusoff 


The limiting factor seems to be an analysis for gossypol. We 
have no true method of analysis for gossypol. 


Couch 


We have little data on toxicity for swine. They are too big for 
ID... determinations. . | 
50 ‘ 
What have you to say about swine» Mr. Ellis? Telit us ge varaets 
plans for future tests. 


Ellis 


The meals which I have previously tested varied in gossypol 
content from 0.03 to 0.09%. 


The tosts that I have planned’ will be based’ on the free gossypol 
content of the diet rather than the meals. We would like to work with 
these levels in the diet -- 0.005, 0.01, 0,015, 0,02 and 0.03, The 
toxic level as reported in the literature is about 0.015% of the dict, 
“We could use 25% of cottonseod meal containing 0.08% gossypol. 


Stephenson 
The use of swine as a laboratory animal is very expensive. 


What is the mechanism? It appears as if it might be a deficiency, 
as animals do not show effects until they have been on ace for about 
50 days. 


Fletcher 


There is a tremendous variation in the tolerance to gossypol 
in swine. As we aro limited in the numbers of enimals we can usc, it 
is difficult to determine minimm lethal doses, We definitely necd 
standard conditions for toxicity studics on swine. 


We made some studies on the changes in gossypol content of diets 
containing varying amounts of alfalfa, The alfalfa meal replaced corn 
in the diet. As alfalfa meal was increased, the decrease in gossypol - 
was greater, However, there was no definite quantitative correlation 
betwoen the increase in alfalfa and the decrease in gossypole We found 
that you do, not get the same effcct with corn as with alfalfa, We 
suspect a combination or artifact to explain the disappearance’ of 
gossypole Thero is a decrease in total gossypol as well as in "freo" 
gossypol. Thore is always an immediate decrease in gossypol content, 
but no indication of a continued decrcoaso,. 
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We should give consideration to the level of gossypol in the ration 
itself rather then in the cottonsecd meal used, senor 


What is the significance of the third decimal place in gossypol 
determinations? 


Hoffpauir 


This depends on the amount of gossypol present, If the amount of 
gossypol is 0.02% or lower, then the third place is significant. Highor 
amounts of gossypol are significant only to the second place. For the 
highest precision, a standard curve for each level of gossypol should 
be established by the onalyst applying the method. ; 


This method was designed for the determination of free gossypol . 
in cottonseed meal and cottonseed products. 


When it is applied to mixed diets, it is probable that there are a 
number of different interfering materials. 


An investigation of the application of this method or any other 
method to mixed feeds is needed. — 


Alderks 


In the range of 0,02 - .04% free gossypol, what is the standard 
deviation in a single test? 


, Hof fpauir 


It is possible to reproduce duplicate analyses within two or three 
figures in the third decimal place, or 10-15% absolute, ie 


Lyman 


Dr. Ellis' analyses on total ration were carried to the third 
decimal place, It should be noted that in most instances the analyses 
were made on the meals before mixing in the rations end the content 
of gossypol in the rations was computed, Hence, with the higher level 
in the meals the third place is more significant, 


Couch 
To summarize, I believe that we may say that: 


(1) Standardization of diets is necded. From the results of 
foeding tests at present, it would appear that; the toxic level of 
gossypol in the total diet for growing chicks is 0,015 - 0.02%, 
supplied by 3C% cottonseed meal containing 0.04% gossypole However, 
these figures mean very little unless the diet is standardized, 
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(2) Gossypol causes mortality in swine, but not in chicks at 
the levels fea. 


3) A method for analysis for gossypol in mixed feeds is necdede 


In future discussions I would like to suggest use of the term 
"orowth=promoting activity" rather than "toxicity." From a practical 
stendpoint, this is advisable particularly when speaking to commercial 
feoders. 


Ward 


I’endorse use of the term "growth-promoting activity" rather ‘than 
toxicity, and I consider the standardization of diets so important 
that I would like to appoint a committee immediately to draw up standard 
dicts for chicks, swine and laying hens, * I appoint Dr. Couch as 
chairman of this committee, which will consist of the following mens 


Watts Harper 
Kuiken Stephenson 
Bird Wallace 
Mor gan Smith 
Ellis Heywang 


Kuiken 


I would say that we left the swine picture more indefinite than 
it really is, I obtained the following results in two series of tests, 
feeding swine cottonseed meel as the sole source of protein in the 
diet for an 84 day feeding periods 


% gossypol in % gossypol in Level of C/S Meal Growth 
C/S Meal diet in diet (1bs/day) 
D0 Tis a 0022 30 1.6 
0.04 --" — 80 1.7 


The level of protein in the diet was adjusted as the animals 
grew; therefore, the original gossypol level was not maintained’ through- 
out the entire feeding periods 


I would like to stross the importance of performing fceding tests 
on swine with wcanling weight animals. . 


erg OT LE COP LTTE GOLESI OLD LDL LLL ELE ED EA AL IS aan ee eeeesnennenannmenmenttdienmemenmen teommemneemmnmnenmiaamaa asad 


* For the recommendations of this committees, see the appendix, 
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Smith 


I fed one cottonseed meal at a 37% level to swine and obtained an 
average of 0,24 lb/day daily gains; these animals lived but showed no 
growth. 


When 0.5% APF was added to the diet, the animals showed good gains 
for a while, but then died. 


In another test, the gossypol content of the diet was 0.054%, In 
this test, the animals grew nicely for three weeks but then died. 


When another cottonseed meal, which contained 0,046%.gossypbl was 
used in the diet, bringing the Leer aah content of the diet down to 
0.01%, excellent results were obtained. The daily gain was 1.84 lb. 


Couch 


It may be concluded, then, that the level of gossypol in the total 
ration for swine is the same as that for chicks--0,012-,015%. 


Altschul 


Meals sent to Heywang for feeding tests were obtained by blending 
screw=pressed meal containing 0.03% free gossypol with a solvent-cex- 
tracted meal containing 0,5% free gossypol. 


Time seems to be an important factor in the free atta content 
of a cottonseed meal, 


We should supply more meals like those given to Heywang to other 
investigators, 


What Mrs, Pominski said is true, and the method for the determin- 
ation of free gossypol which we use must be applied carefully. Since 
no better method is available, however, we will continue to use this 
one « 


From Dr, Eagle's results, it would appear that we should investi- 
gate further the chemistry of these combina tion products of gossypol 
which he tested. 


As Mr. Hoffpauir indicated, we need a method for determining the 
percent of free gossypol in mixed diets. 
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WHAT ARE THE LIMITS OF FREE GOSSYPOL GONTENT THAT AFFECT THE. 
USE OF COTTONSEED MEAL IN MASHES FOR JAYING HENS? 


Discussion Leader: Francis Bird 


Bird 


It seems to be agreed that the determination of the limits of’ free 
gossypol to be used in laying mashes presents thc same problems as with 
growing chicks, 


Stephenson reported that some.cottonseed meals which he tested gave 
good egg production, but the eggs showed discoloration on storage, 


Hatchability, apparently, can be reduced by the feeding of cotton- 
seed meal. 


Due to the unfavorable impression the public generally has about 
feeding cottonseed meal to laying hens, we shall have to reeducate 
poultrymen that’ properly prepared cottonseed meal is a good feed in- 
gredient. 


There are several questions and problems which should be discussed 
today. 


1. What is the ultimate effect on the laying hen of feeding cotton- 
seed meal to the growing chick? 


2. Disregarding the gossypol problem, can cottonseed meal be safely 
used as a replacement for other protcins in laying and breeding 
ma shes? 


3, How safe is it for laying hens? (Heywang's best results show 
4% discolored eggs.) 


4, What is its effect on hatchability? How safe is it for 
breeders? Is there any carry-over effect from the dam to 
the baby chick? 


He ng 


With Ors o0s¢ gossypol in the diets, we obtained considerable dis- 
coloration in fresh eggs; and even with 0,003% gossypol in the dicts 
there were still a few discolored eggs. We must, therefore, stay below 
this level. The source of gossypol in our diets was raw, decorticated 
seed. 


Bird 


Have you tried lower levels than 0,005% level? 
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Heywang 
No. 


Bird 


We do need more data, then, indicating the maximum level of gossy- 
pol that can be tole rated. in laying mashes. From a comnercial stand- 
point, one discolored egg is as bad as several. 


Ward 


Mr. Heywang, have you progressed, or do you feel discouraged. 


Heywang 


I definitely fecl encouraged, We know that cottonseed meal can be 
used for growing chicks and we can solve the discoloration problems with 
more work. 


We have progressed more in the last two years with the cooperation 
of the SRRL than ever before. 


Bird 


Is there any evidence of storage of gossypol in chickens? If the 
feeding of cottonseed meal to growing chicks were discontinued just 
before hens started laying, would there be any carry-over causing egg 
discoloration? 


He ywang 
Most probably not, 


Couch 


What we need is a life-cycle experiment. Mr. Heywang is the best 
equipped to carry this out. 


Heywang 


We have tried it, with cottonseed meal as the sole source of meal, 
but had to discontinue the experiments, as there was not enough lysine 
in the dict. We shall try again, using other protein supplement com= 
binations as cottonseed meal and fish meal is known to give good results, 


Couch 
Yes. I realize that cottonsced meal cannot be used as the only 


protein supplement in the diet because of the deficiency in lysine, 
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Heywang 
I discontinued the experiment, but I haven't given up yete 
Kuikenn 


Would you get the same results if you combined soybean oil meal 
and cottonseed meal to get the desired gossypol content in the diet? 


Heywang 


I don't know. In all my experiments I obtained the desired free 
gossypol level in the diet by adding raw decorticated cottonseed. 


Kuiken:: 


I have tested "de-gossynolized" cottonseed meal at a level of 
0.003% gossypol in the diet, and 20% of the eggs from hens fed this 
diet were discolored after 6 months. storage. 


Gastrock 


Perhaps at this low gossypol level, it is a question of mixing. 
That is, those hens producing discolored eggs may have gotten more 
of the gossypol during feeding than the other hens if the diet was 
not homogenous. 


Since laying hens appear to be the most sensitive to gossypol, 
could we possibly use a parallel feeding test on laying hens as a 
control on the chemical test. 


Heywang ¢ 


It might be possible if yolk discolorations were used as the index 
and not hatchability or egg production. 


I would like to say that I am very glad to have confirmation of my 
findings from Dr. Kuicken. ; 


Fletcher 

I wonder about the reliability of yolk discoloration as a test for 
content of gossypol in the egg. It would appear that a method for 
analyzing eggs for gossypol content is needed. 
Altschul 

Nothing is known about gossypol in discolored eggs. The discolor- 


ation is believed to be produced by a reaction of gossypol with iron or 
other metals present. 


ai See 


Watts 


In 1939 Swenson and Fieger reported a test for gossypol in dis-= 
colored eggs, They exposed the egg to ammonia and thus precipitated 
the discoloration. They found that the discoloration is effected by 
a change in pH and will disappear when treated with acid. They reported 
the discoloration to be a protein-iron-gossypol complex sensitive to 
changes in pH. This could possibly be used as an index for gossypol 
content. 


Stephenson 


With hens fed a diet containing 0.002% gossypol, I found no yolk 
discolorations in 208 eggs and only one with a pink albumen. 


Morgan 

After 80 days storage I found no discoloration in eggs produced 
by hens fed cottonseed meal containing 0.03% gossypol at a 30% level 
in the diet. 


Bird 


In summarizing, the data presented at this meeting and during this 
discussion period indicate that a dietary level of approximately 0,002% 
free gossypol must not be exceeded if there is to be no effect on the 
color of eggs during storage. Dr. Heywang's data indicate that the 
0.003% level has produced a few, though not serious, discolorations, 
while many eggs were discolored when the level reached 0.005% gossypol 
in the hens! diets, Dr. Stephenson found no egg yolk discoloration 
when diets containing 0.002% gossypol were fed. On the other hand, 

Dr. Morgan found no discoloration at a level of 0.009% gossypol in the 
diet. Hence, we find some disagreement as to the lower level which can 
be tolerated, Thus, more work with laying hens is indicated, 


The discussion yesterday indicated that hatchability can be reduced 
by the feeding of cottonseed meal. More data are needed on the effect 
of cottonseed meal on breeder hens. 


More work is needed particularly with regard to long term experi- 
ments feeding cottonseed meal throughout the life-cycle of the chicken. 


Our discussion only touched on the problem of the comparison of 
cottonseed meal protein with other protein supplements. It was brought 
out that cottonseed meal is deficient in lysine. Some study might be 
made of the amino acid profile in cottonseed meal and the best combin- 
ation to make with other protein concentrates to give the best feeding 
results. © ML) 
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WHAT IS THE EFFECT OF PROCESSING CONDITIONS ON THE 
PROTEIN VALUE FOR HOGS, CHICKS, AND CATTLE 
OF MEALS CONTAINING 0,03% OR LESS FREE GOSSYPOL? 


Discussion Leader:. N. R. Ellis 


Ellis 


During the past three years much work concerned with the effects 
of processing on the feeding value of cottonseed meals has been done. 
Most of this work has been on screw=-pressed meals, The greatest con= 
cern has been with cooking temperatures, with emphasis on those rang= 
ing from 160 to 240 degrees F., but studies also have evolved around 
the time of cooking and the amperage on screw presseSe Some of the re=- 
ports given at this conference have been concerned with hydraulice- 
pressed and solvent-extracted meals, as well as with screwepressed mealse 
A few individuals also have reported on work with gland-free meals. - 


‘In general the research to date indicates that moderate temperatures 
of cooking have tended to produce high quality meals. In chick feeding 
tests, screw-pressed moals produced at 200 degrees F. have proved equal 
to soybean meals and superior to cottonseed meals prepared by the use of 
higher temperatures. Still better meals: probably can be produced. 


Altschul 


That milder conditions of processing gave better meals for growing 
_ehicks has been confirmed by Dr. Morgan's report on the screw=pressed 


~ meals he used. On the other hand, Dr. Stephenson, found that screw- 


pressed meals were inferior to hydraulic meals for feeding lambs. Dr, 
Bird found no difference between butanone-extracted meals and screw- 
pressed meals in broiler rations. Dr. Womack reported interesting re- 
sults with rats fed screw-pressed meals. Mr, Kuiken has told of suc=- 
cessful feeding tests with "degossypolized" meal for hogs and chicks. 

In these reports several people have pointed out differences in the 
availability of lysine that might be related to the method of processing. 
These various results with different meals suggest the question: How 
much should we worry about heating as far as the practical value of the 
meal is concerned? | 


Bird 
Lysine is one of the most difficult dietary elements to supply 


adequatly to chicks. Anything that can be done to save this amino 
acid in processing should be done. 
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Ellis 


In the discussion this morning it was brought out that lysine 
affected the amount of cottonseed meal that can be used in the diets 
of chickens. This may be important since, in some years, processors 
may be interested in preparing chick rations containing a large amount 
of cottonseed meals, because other meals are not available. 


Que stion 


What type of meals were used in the lamb feeding experiments that 
have been reported? ° 


,otephenson 


The screw=-pressed meal used in the lamb feeding experiments was 
Series 5, No. 12. The hydraulic meal was a commercial meal. The lambs » 
gained 1/2 to 2/3 1b. a day, which were good gains. I am not sure 
whether we were measuring protein or carbohydrate or fat effects in 
these tests, for the carcasses seemed to fatten, but did not grow. 


Question 
‘How was the hydraulic meal prepared? 
Alderks 


If the meal came from one of our mills, it probably was prepared 
by the standard procedure used in all of our mills. That is, a 5-high 
stack cooker is used. The flakes are brought up to temperature as rapidly 
as possiblé in the top cooker, The flakes are cooked from 190 to 235 degrees 
for a total of 90 minutes, pressed at 4000 p.8.i, for 60 minutes, The cake 
is cracked and ground and brought to-a 41% protein level. 


Question 


Did Dr. Morgan perform his experiments all at one time or were 
they performed at different times of the year? 


Morgan 


All at one time. The meals which gave the best growth gave poorer 
hatchability. 


Larson 


We are interested in the protein value of cottonseed for use in 
survival rations. The protein should be the highest quality possible. 
In a discussion of processing conditions, however, the sugars present 
in cottonseed cannot be disregarded. Raffinose and other sugars present 
in cottonseed are apparently broken down to reducing sugars during cook- 
ing. If proteins are heated in the presence of reducing sugars, the 
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feeding value drops greatly. The amino acids are tied up by the reducing 
sugars on heatings Thus, your lysine is tied upe 


Kuiken 


Laboratory designed experiments indicate that cottonseed should be 
processed under heat conditions that are optimum for the soy industry. 
The heat effect has been studied for soy extensively. Lysine dis- 
appears on heating soybeans during processing. This effect is not as 
pronounced for cottonseed. Samples varying by as much as 10% lysine 
were few, The presence of oil or gossypol is critical, Where they are 
absent, heat at 225 to 230 degrees does not seriously reduce amino acids, 
nor destroy more than 10% of the lysine. 


In our experiments with Series 5 meals, where the temperatures varied 
from 160 to. 230 degrees, the only one which showed a significant difference 
was the one prepared at 230 degrees. The rest were statistically equiv- 
alent, There was no difference between meals prepared at 160 and 200 
degrees. 

Ellis 

What about differences between solvent-oxtracted meals? 
Altschul 

The purpose of the extracted meal series was to minimize heat while 
varying the gossypol content, and the solvents were selected for the 
purpose of recovering different amounts of gossypol. The protein in 
these meals should be near thet of raw meals. 


Kuiken 


Some improvement over raw meals, very small in rat tests, can be 
produced by mild heat treatment. 


Newb 
Where do pre=pressed solvent-extracted meals fit into this picture? 
Altschul 


As far as the effects of heat on protein are concerned, they fall 
between. screw=pressed and hydraulicepressed meals 


Fincher 
Since there are two screw pressing systems (French and Anderson) 


in use in this country, something should be said about time as well as 
temperature in evaluating the effects of cookinge 
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Newby 


Have any feeding tests been made on meals obtained by the combined 
pre=pressing, solvent=extracted method? 


Altschul 
These are to be included in future studies, 
Ellis 


To summarizes the experimenta to date, for the most part, indicate 

that low temperatures of cooking (around 200 degrees F,) are favorable to 
nutritive value in processing Sscrew~pressed cottonseed meals. Meals of 
low gossypol content have been produced at this temperature. 


Lysine is a critical nutrient in the preparation of cottonseed meals 
having high quality protein. Heating tends to tie up the lysine pre- 
sumably through union with some other constituent such as gossypol, or 
reducing sugars, It is evident that the nature of this tie-up and the 
means of keeping loss of available lysine as well as other amino acids 
to a minimum need further investigation, 


WHAT IS THE EFFECT OF SUPPLEMENTING COTTONSEED MEAL WITH AMINO ACIDS? 
HOW DO MIXTURES OF COTTONSEED AND SOYBEAN MEALS COMPARE TO EITHER USED ALONE? 


Introduction: N. W, Flodin 
Discussion Leader: A, B, Watts 


(As an introduction to this subject, Mr. N, W. Flodin, of the Re- 
search Division, Electrochemicals Department, E, I, duPont de Nemours 
and Company, Wilmington, Delaware, presented the followin paper on 
"The Use of Amino Acids in Improving the Nutritional Efficiency of 
Proteins," 


Flodin 


It is well known that proteins differ in the efficiency with which 
they promote the growth of young animals. One way of measuring protein. 
efficiency is to feed the protein to young rats at a standard level and 
determine the ratio of body weight gained to weight of protein consumed. 
On this basis, proteins of high nutritive efficiency are found to have 
values of about 3 or somewhat higher for the quotient: weight gained/ 
weight protein consumed, These are frequently called "high quality", 
"first class" or 'zrade A" proteins. Low efficiency proteins, such as 
those in whole grains, have quotients usually in the neighborhood of 1-2, 
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Figure f 
AMINO ACID DISTRIBUTION PATTERNS OF HIGH EFFICIENCY PROTEINS 


DISTRIBUTION PATTERNS OF MEAT, MILK AND EG6S COMPARED WITH 
REQUIREMENT PATTERN OF THE WEANLING RAT. 
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AMINO ACID DISTRIBUTION PATTERN OF SOYBEAN MEAL PROTEIN 


DISTRIBUTION PATTERN OF SOYBEAN MEAL PROTEIN 
COMPARED WITH REQUIREMENT PATTERN OF THE 
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Figure 3. 
AMINO ACID DISTRIBUTION PATTERN 
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Figure 4. 
AMINO ACID DISTRIBUTION PATTERN OF WHOLE WHEAT PROTEIN 


DISTRIBUTION PATTERN OF WHOLE WHEAT PROTEIN COMPARED 
WITH REQUIREMENT PATTERN OF THE WEANLING RAT. 
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Figure 5. 
AMINO ACID DISTRIBUTION PATTERN OF WHOLE OATS PROTEIN 


DISTRIBUTION PATTERN OF WHOLE OATS PROTEIN 
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Figure 6. 
AMINO ACID DISTRIBUTION PATTERN OF WHOLE CORN PROTEIN 


DISTRIBUTION PATTERN OF WHOLE CORN 
PROTEIN COMPARED WITH REQIREMENT PATTERN 
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Figure 7 
AMINO ACID DISTRIBUTION PATTERN OF WHOLE CORN PROTEIN 
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The reason for differences in nutritive efficiency between various 
proteins becomes apparent when their contents of essential amino acids 
are compared with the requirements of the growing animal. This may 
conveniently be shown in bar graph form by plotting relative amounts of 
the amino acids as they exist in a given protein and comparing them 
with the relative amounts required by a typical mamnal in the active 
growth stage, the weanling rat. The work of Beeson at Purdue, Loosli 
at Cornell, and-.others indicates that the requirements of the young pig 
are about the same as those of the young rat. Requirements of the young 
chick are also similar, with some exceptions to be pointed out later. 


To achieve a common denominator, 4+ is assumed that an amount of 
protein is supplied that contains just the amount of tryptophan required 
by a representative weanling rat in one day. The weight of any given 
essential amino acid in that amount of protein, divided by the weight 
of tryptophan required for one day, gives a ratio or pattern nunber for 
that amino acid. This may be plotted alongside a requirement pattern 
nunber for the same amino acid, obtained by dividing the young rat's 
daily requirement for that amino acid by the daily requirement for 
tryptophan. 


Bar graphs have been prepared in this way for a number of high and 
low efficiency proteins. Analytical data fron which these graphs were 
prepared were taken from Block and Bolling's reference work, "The Amino 
Acid Contents of Proteins and Foods" (1951 edition). Obviously, the 
validity of conclusions from graphs of this type depends on the accuracy 
of recorded data on protein analyses and growth requirements. It is 
advisable, therefore, to consider only the larger deviations between the 
distribution patterns of different proteins and the growth requirement 
pattern. 


Figure 1 shows the amino acid distribution patterns of three typical 
high efficiency proteins. compared with the requirement pattern of the 
weanling rat. The proteins are those of muscle meat, cow's milk and 
whole egg, all recognized by nutritionists as "high quality" proteins. 

Tt will be noted that the various amino acids in these proteins are dis- 
tributed in such a way as to match closely the requirement pattern for 
growth, Muscle meat has a distinct surplus of lysine, which explains, 
as shown later, its value in supplementing low efficiency proteins 
from grains, 


Figure 2.gives the amino acid distribution pattern of properly 
processed soybean meal. The ratio levels of the various amino acids 
in soy. protein match quite closely the levels required by the young 
rat. Soybean meal provides an excellent protein also: for the young 
chick, whose requirement nunber for leucine is 6-7 and for arginine 
is about 5. ‘There appear to be no excesses of any of the amino acids 
available to remedy deficiencies that exist in other common proteins. 
The chart indicates that soy protein has a borderline deficiency in 
sulfur-containing amino acids, a conclusion borne out by recent successes 
in improving, by addition of methionine, the feed efficiency of broiler 
feeds based on corn and soyboan meal. ; 
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Figure 3 shows the amino acid distribution pattern of cottonseed 
meal proteins Again a remarkably good distribution of amino acids is 
observed, with one exception, The lysine content is markedly low. This 
accounts for the relatively low protein efficiency of cottonseed meale 
The leucine level in cottonseed meal is somewhat low for the chick, but 
this amino acid is abundant in the grain components of poultry feedse 


Figures 4 and 5 are the charts for the proteins of whole wheat and 
whole oats, respectively. Like cottonseed meal, these grain proteins 
have a pronounced deficiency in lysine, but are well supplied with most 
of the other essential amino acids. Wheat appears somewhat deficient in 
arginine for growth of the chick, 


Figure 6 gives tho distribution pattern for whole corn proteins 
fhis pattorn is distinctly different from those of wheat and oatse 
Superficially, the situation with respect to lysine appears relatively . 
favorable. However, note the wasteful excesses in eight of the ten 
amino acids. The difference between the corn chart and those of the 
other grains is due to the fact that corn is deficient in tryptophan as 
well as lysine. If the tryptophan content of corn protein were twice 
as hich as it actually is, the distribution pattern of omino acids in 
corn would be quite similar to the patterns of tho other grains, This 
is shown in Figure 7, which supposos a 100% increase in tho tryptophan 
level by supplementation. By this means, the distribution pattern of 
corn protein is made to conform much more closely to the requircnont 
pattern for growth. Leucine is still in considerable excess. The lysine 
level must be inercased by 160%, as shown in the figure, to provide corn 
protein with the amino acid distribution pattern of a high cfficiency 
protcine P 


In mixod foeds, as well as in single foods, highest protein .offi- 
cicncy is achicved whon the essential amino acids are present in a dise 
tribution pattern corresponding to thc onimal's roquirements, Excesses 
as well as deficiencies reduce the efficiency. For oxample, in high 
efficiency broiler rations based on corn-soybean mcal mixtures, about 
two-thirds of the total protein is commonly supplied by the soybean meal. 
This soybean fraction, with some mothionine supplemontation, appears to 
be almost ideally balanced for chick growth, However, there are no ap- 
preciable excesses of amino acids in soy protein, as already discussed, 
to romedy the deficiencics in the protein supplied by the-corn, This 
situation suggests, therefore, that further improvement in the food ef- 
ficioney of corn-soybean meal rations might be achieved through improve- 
ment of the corn protein fraction by simultaneous supplementation with 
lysine and tryptophan. Whether or not this will someday bo practical 
depends, of course, on future developments with respect to the price and 
availability of these amino acids. ; 


As indicated in the foregoing discussion, the most important amino 
acid deficiencies knovm to occur in foodstuffs and animal feods aro in 
mothioninc, lys’nce ond tryptophan, The first of these is now being 
sold in commercial quantitics for uso in broiler foeds. Suppliers in- 
clude Dow Chomical Company, E. Ie DuPont de Nomours and Company and 


oe ee 


U. S, Industrial Chemicals, Ine. Those companies provide © synthotic 
product, the racemic compound, DLemothionino. 


Synthotic racomia lysino, in the form of the monohydroshioride, is 
available for experimental uso in nutrition research, Suppliers are Dow 
Chemical Gempany ond E. I. DuPont de Nomours ond Company, Synthotic 
L-lysine, ¢he naturally occurring optical isomor, is alse available in 
laboratory quantities, supplicd as tho monohydrochloride by DuPont. 
L-lysino,HOl dorived from protcins can bo obtained from Bios Laboratorics, 
Mann Fino Chemicals, Mcrck and Company and Winthrop-Stearns. 


Tryptophan and the other essential amino acids aro available in re=- 
search quantities. They arc listed by Bios Laboratorics, Dow Chemical 
Company, Monn Fino Chemicals, Mcrek and Company and Winthrop-Stoarnse 


It appears to us in the chemical industry that one of the most 
valuablo types of nutrition research at the present time is the determ 
ination of how best to balance the omino acid distribution patterns in 
tho dict to moot tho requiromonts for aptimum growth and health, as 
well as to achieve, the most cfficicnt use, of our protein resources, In 
gonoral, the chomical industry stands ready to supply those amino acids 
for which a real need can bo shown to oxist and for which tho ingenuity 
of its chemists can provide practical low cost synthosose 


Watts 


Two points in connoction with the cffect of amino acids aro impor 
tants; those are tho distribution pattorn of the amino acids in cotton- 
sood protein, and the utilization of tho amino acids by animals. The 
lovel of protcin used in feeding tests is important, That is, amino 
acid requirements aro a function of the protcin lovol, and thore is on 
optimum level. Whon a certain amino acid was added to soybean meal, it 
actually doprossed growth, Lysino hos been the critical amino acid in- 
volved in most of the studics reported at this conforcnces 


Sox difforonce, as well as tho addition of amino acids to the dict, 
is very important in protein studicse About 80% of the variations in 
poultry have sometimes been duc to sex difforoncos, The females respond 
less than tho males. In genoral a mixturo of cottonsecd and soyboan 
moals was better than soyboan moals used alone. The rate of release of 
difforent amino acids is a factor in the utilization of proteins. 


Lyman 


Tho rate of release.is very important if protoin is broken down 
slowly and some amino acids are available more slowly than others, then 
maybe they aro not available for protein synthesis. All omino acids 
must be liborated and available to the animal at the same time. You 
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have to feed all amino acids simultaneously. If different acids are fed 
at different times of the day they will not produce the maximum bencfi- 
cial offect. How much animals cat also seems to be a factor. Sced pro- 
teins containing an excess, or coven sufficient, lysine are not found 
readily; therefore, all the lysine possible must be preservod in process-= 
inge ' 


Kuiken 


Protein cfficicney can be dofined as the amount of gain obtained 
when a given quantity of the protein is fed to an animal, The levol at 
which the protein is fod is a factor in tho experimonts. Protein effi 
ciency my vary with the amount eaten. The amount fod at one time also 
is importort. A factor to consider is that small amounts may be fed 
and utilized more efficiently than if large amounts are fed, It is 
agroed that the level of protein in the test dict should be 10%, Not 
all rescarchors agree that tho foed intake should be limited, but I bee 
licve it should be limited to tho amount that the onimal with the 
smallost appotito will take readily. Protcin officieney varios with 
age, sox, and size of the animals. Bulkiness of feed needs to. be con- 
sidored, Crude fiber content of the fecd needs to be adjusted, Also, 
the fat levol in tho feod should bo adjusted, I believe that animals 
that have just been weaned should be uscd and the feeding tests should 
be carricd out for four to six wecks. 


Couch 

Male chicks gave good response to methionine, but fomales did not 
give similar responso. 0.05% gives best growth results, Larger amounts 
depressod the growth rate, 


ae 


Hormones in males and fomales are different, resulting in differ- 
ent growth rates and different roquiroments for the sexcse. Malo birds 
grow to a larger size, have a higher potential growth rato, and thus 
require more mothionine than females. ; 


Watts \ 


Another point is that standard deviations, standard crror, and 
other statistical factors should be considored for all data, There 
should be an analysis of the variances. 


Now to summarize, wo have soon that rations in which cottonsecd 
moal supplics most of the protein are deficiont in lysino, Tho amount 
of lysine to be added to gct maximal growth response neods furthor invos- 
tigation, Apparently this will vary considerably with difforont methods 
of processing. Kuikon has shown that cottonscod meals heated with oil 
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containing eossypol will have less availablo lysine as woll as several 
othor amino acids. From a nutritional standpoint the lysine available 
for growth of the animal is of primo importance, not just tho total 
lysines : 


_If tho amino aoid roquiroments of tho animal aro 4 function of tho 
levol of protein fod, thon it is important that investigations be 
carricd out at protein levels adequate for maximal growth as well as at 
the low levels necessary for proper cvaluotion of protein quality. 

Much additional work is necded whore the amino acid deficicncics of tho 
meals aro studicd at practical protein lovols, 


| From a practical fooding standpoint, it would appear at present 

that mixtures of soybean mon] and cottonseed meal are more advisable 

than rations containing only cottonseed meal as a protein supplement. 
In the work reported at this conference, mixtures of soybean meal and 
cottonscod meal have been superior to cottonseed meal alone. 


In experiments to determine the amino acid deficiencies of cotton- 
secd moal, it may bo wiso to limit tho work to chicks of only one SOXe 
If this is not dono, data should be roported on the soxcs soparately as 
unequal distribution of the sexes would certainly bias tho data. 


Thus, wo sce that cottonsood moals of high quality can be produced, 
They may be somewhat deficient in lysine. Practical rations containing 
mixturos of cottonseed mcals and soybean moal are superior to thoso 
containing only cottonsecd moale 


WHAT I§ THE RELATIONSHIP, IF ANY, BETWEEN THE CHEMICAL 
PROPERTIES AND THE NUTRITIVE VALUE OF COTTONSEED MEALS ? 


Discussion Loaders C, M. Lyman 


Studies on the rolationships between shomical propertios and the 
nutritive valuc of cottonsced moals can be divided into two main pro-= 
bloms: ‘the problom of gossypol and the problem of protein quality or 
tho nutrients in cottonseed moal. When animal fecding tests are usod 
os 2 moons of evaluating protcin quality, the tests must be conducted 
in ranges whore gossypol contont has no offect on the growth of the 
animolse It is woll to keep in mind that lovols of gossypol too small 
to produce toxic symptoms may still rotard growth, 
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Experimental methods designed to measure protein quality and other 
tosts which may prove useful in such studics include the followings 


1. Direct fecding tests on farm animals. 

2. Rat focding tests, to measure protoin efficiencios, protein 
rogencration, and amino acid availability. 

3. Enzymatic digestion (although this docs not give complete 
satisfaction) « 

4,. Tests of protein solubility. 

5. Tosts of thiamine contonte 


It is regrottable that data on tho thiamine content of test meals 
has not always been reported along with the growth rates of the animalse 
In this year's hog feeding tests at the Texas Station, meals which gave 
the best growth rate had a high thiamino content, These meals also had 
a high thiamino contont, Theso meals also had high protein solubiliticse 
More cxtonsive comparisons will be nocossary before drawing any conclu- 
sions as to the genoral usefulness of thiamine and protein solubility 
tcsts for this purposce.e 


Altschul 


My own fooling is that neither thiamine content nor protein solu- 
bility provides a reliablo index. They are useful within a given 
sories, but-not for goncral application, Cottonseed varics widely with 
regard to thiamine content. 


Electrophorosis invostigations have shown difforences in the protcin 
components in cottonsced meals, which havo been subjected to different 


degross of hoatinge 
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REPORTS ON PROCESSING AND REIATED RESEARCH 
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GOSSYPOL AND THIAMINE MATERIAL BAIANCES IN 
COMMERCTAL PROCESSING OF COTTONSEED 


by 
T. H. Hopper 
Southern Regional Research Laboratory 


An important consideration in improving the nutritive value and 
jn extending the utility of cottonseed meals is the reduction of free 
eossypol and gossypol-like substances to a low level. Some reason 
that this must be accomplished before any influence of processing on 
the biological value of the protein may be evaluated. Newer concep- 
tions indicate that the biological value of the protein is reduced 
by bindine of essential amino acids under the combined influence of 
moisture, heat, and duration of heating while processing the cotton= 
seed meats for oil and meal, lLlacking specific laboratory methods 
for the estimation of the binding of amino acids, the reduction in 
thiamine has been investigated as an indicator of the effect of heat. 
The experience of others in research on soybean processing justified 
consideration of investicating the reduction of thiamine during the 
processing of cottonseed. 


To obtain information on the material balances for gossypol and 
gossypol-like substances (hereafter referred to as gossypol) and for 
thiamine in commercial processing of cottonseed, the cooperation of 
5 cotton oil mills was obtained. The type and location of the mills 
were as follows: Hydraulic, A - West Texas, B = Central Louisianas 
and screw press, C = California, D- North Carolina, E = Northwest 
Mississippi. 


Each cooperating mill was requested to obtain composite samples 
of seed, cooked meats, meal, and oil, each representative of a day's 
run, at regular two-week intervals, and to forward them to the Southern 
Regional Research Laboratory. ‘The data are summarized in the following 
tables, showing the averase results of analysis of samples from 9, 8, 
11, 2, and 6 composite samplings of mills A, B, C, D, and EB, respec= 
tive ly ® 
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Average of Analyses of Mill Samples for Specified 
Constituents on "As Received" Basis 


: Raw meats 
ati Aber eh, 
Mitii: Gl. siinpoki 


Hydraulic Press 


A 5044 0.66 

B 5508 2.69 
. Screw Press 

C 3520 1,35 

D S501 Le tl 

E 34.0 Galt 


Average Thiamine 


: Thiamine 
: in samples 
: as received 


ratriayw ff 
Mill : meats : Meal 
ppm ppm 
Hydraulic Press 
A 20-8 844 
B 19,5 14.2 
Screw Press 
C 1645 4,4 
D Chaco 6.0 


E 18.4 (Fee 


“Thiamine in 
moisture, oil, and 
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Oil: _—sSFree gossypol 
: in : Raw 3: Cooked : 
: meat * meats : meats : Meal 
(6) (e} ‘O 
5eO5 1306 0,039 0.042 
4,84 1,08 O.iL1L5 O, 120 
542 SPs: Oeey 0.038 
4.70 gta 0,19 0,056 
ae to lea 0.24 0,048 


Content and Nitrogen Solubility 
of Mill Samples 


:, Nitrogen 


hull-free substances solubility 
Raw : : : 

meats : Meal : Reduction : Meal 
ppm ppm A % 
ve et 12.< 6540 Of al 
34.4 20,8 39.6 29.0 
Oey N 6.0 78.6 1e.7 
38.0 9.2 75,8 ies 
Sled Logs 68.4 11.9 
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Average Gossypol Palances in Mill Samples 


; Free gossypol Total gossypol . 
: in moisture, oil, : per 100 1b..of moisture, 
: and hull-free material : oil, and hull-free material 
: : ; : : : : Meal 
>: Raw : Cooked : : Raw : Cooked : cy a) ee 
Mill : meats : meats +: Meal : meats : meats : Meal 3: O12 3: oil 
z ey Se | he ase 1b. 
Hydraulic Press : 
A 126 0,075 0,063 1.66 OP 8, 1.47 0,01. 1648 
B 1.90 0.20 0.18 yes ys 1.90 NP Yd GO, O6atal. 87 
Screw Press: 
C 1450 Gn 5) O,052 *.A.55 1.25 1,03 0,15 43 1.18 
D Lx96 0.40 0,051 1490 Py i 1,54 0.14 1,68 
E Beil 0.49 0,068 214 eel Leif? Oped peel 


The significance of conclusions drawn from these data depends on 
how representative the cooperating mills are of their type in the 
cottonseed processing industry. 


That hydraulic mill A reduces the free gossypol in the meal to a 
low level, approximating the level obtained in screw pressing, is of 
interest. This observation suggests that more attention may be given 
to the preparation of meats for hydraulic pressing. 


Screw-pressed oils appear to contain several times as much gossypol 
as hydraulic-pressed oils. | 


The high temperatures developed in screw pressing contributed to a 
higher reduction in thiamine and nitrogen solubility than was observed 
for hydraulic pressing. 


A relatively small amount of total gossypol is lost in processing 
cottonseed by either hydraulic or screw pressing. This small loss 
occurs while the meats are being prepared for pressing. No significant 
loss attributable to the pressing operations was found. 


The processes used by the cooperating mills, as evidenced by the 
analyses of individual samplings, give confidence that any improved | 
procedures developed for processing cottonseed may be used to produce 
meals uniformly low in free gossypol without excessive process control. 


Alderks: 


Question: 


Answer? 


Question: 


Answer: 


Question: 
Answer: 
Question: 


_ Answer: 


Karon: 


- 69 «= 


se 


Discussion 


An excellent presentation and it is in line with our work 
and findings in connection with screw press operations. 


This work will be continued, will it not? 


Yes, the work will be extended. We have to find out more 
about processing conditions and their effect on cottonseed 
constituents during processing. 


What is the best method for total gossypol determination on 
cooked material? 


We consider the method developed at this Laboratory by 
Pons, Hoffpauir, and O'Connor, the most reliable for total 
gossypol deterninations since it shows best results on 
samples of seed, meats, and meals analyzed across the 

board, emember that this method also shows other pigments 
such as gossypurpurin as gossypol. Reprints of publications 
describing the method are available. 


Is there any difference in the toxicity of the gossypol 
present in dry-processed material as compared to that in 
wet=-processed material? 


Type of binding of gossypol may differ with different pro- 
cessing conditions, but I cannot fully answer the question 
based on experience to date. -* 


Is the present method of nitrogen solubility as reliable 
an index of nutritive value, or damage to protein during 
processing, as would be an enzimatic digestion? 


Fach test used for nitrogen or protein solubility is an 
empirical procedure designed to fit some particular need, 
In some cases heating is not necessary to denature protein. 
There is no evidence of enzymes in cottonseed which would 
interefere with digestion. 


We did some work on enzymatic digestion. The results are 
not such that they can be used as reliably as the present 
nitrogen solubility method. Perhaps our choice of an 
enzyme was not too good since it did not differentiate be= » 
tween normal and denatured protein. 
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PRODUCTION OF SCREW PRESS MEALS OF SUPERIOR NUTRITIVE VALUE 
IN COMMERCIAL OIL MILLS 


by 
F. H. Thurber and Henry L. EB». Vix ‘i 


Previous discussions have emphasized that the dietary value of 
cottonseed meal is dependent chiefly on the protein content, the kind 
and availability of amino acids in the protein, and on the amount of © 
such components as gossypol that inhibit the growth of animals. Also, 
4% is known that the nutritive value of vegetable proteins is lowered 
by excessive heating, especially by moist heat under the conditions 
often used in the commercial cooking of cottonseed meats, Consequently, 
our objectives in the production of cottonseed meal should be to remove 
or inactivate the gossypol and gossypol derivatives with the use of 
excessive heat that would lower the nutritive value of the protein. 


At: the same time we must keep in mind that cottonseed oil is of 
more value than the meal, hence modified processing procedures would 
not be acceptable to industry if the quality of. the oil were lowered 
thereby. 


Up to the present time, 9 different series of meals have been 
prepared by serew press mills in cooperation with the Southern Regional 
Research Laboratory. Six of these were made by the South Texas Cotton 
Oil Company and three by the Western Cottonoil Company. The.meats go- 
ing to the cooker varied from almost whole meats to uniformly rolled 
flakes. The moisture content of the meats varied from about 12% to 6 
or 7%, the temperature in the cooker from 160 to 280° F., and the time 

-in the cooker from about 20 to 90 minutes. In the beginning the plan 
was to make up the meals under specified conditions and then analyze 
them after samples had been shipped back to the laboratory. In making 
the last two runs, however, laboratory equipment was taken to the mills 
where moisture, free gossypol, soluble nitrogen, and lipides determin= 
ations were made to aid in determining the type of meal produced. 


Our first objective in the preparation of these meals was to de- 
termine whether variations in processing conditions really did affect 
the dietary value of the meals, Nutritional studies that have been 
reported proved definitely that such is the case. Meals in which the 
cooking temperatures were 200° F, had a much higher dietary value than 
those cooked at 240°, and the 240° meals were much better than those 
cooked at 280°. In the past it has been recommended that not more 
than about 10% of cottonseed meal be used in the diets of chickens and 
swine, whereas the experimentally-prepared screw=press meals cooked at 
200° or less and containing not more than 0.03% free gossypol were fed 
to chickens and swine in almost unlimited quantities and excellent 
growth rates were obtained with both when the diet contained as much as 
30% of the screw press meal, Thus the first objective has been attained, 
but there is much more to be accomplished, 
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We are, of course, defining free gossypol as that part of the 
gossypol-like pigments extractable with aqueous acetone, total gossy= 
pol as that extractable with oxalic acid and aqueous methyl ethyl 
ketone under the conditions outlined in the method for the determin- 
ation of these products, and bound gossypol as total gossypol minus 
free gossypol. In a bound form, it seems to be fairly well established 
by nutritional studies, gossypol is not toxic to farm animals. 


In low temperature (about 200° F.) cooking the best results, from 
the standpoint of press operations, were obtained when the meats were 
uniformly flaked to insure uniform conditioning in the cooker and when 
the moisture content in the flaked meats going to screw press was low 
enough to yield a cake containing approximately 4% or less of moisture. 
When moisture content was high it was difficult to maintain a high 
pressure in some of the screw presses as measured by the energy input 
to the press, and the meals had both a high oil content and a high free 
gossypol content. When the time comes for all of the industry to pro- 
duce meals of high dietary value it may be that the screw press mills 
will use low temperature, dry-cooking (conditioning) procedures unless 
better procedures are developed before that time. 


Low-temperature dry cooking brings about essentially a reduction in 
moisture content of the flaked meats, and practically little actual 
cooking since the glands containing gossypol and other pigments are not 
greatly changed in the cooker. In the screw. press, however, they are 
ruptured by the pressure and shearing forces. Most of the gossypol 
from the ruptured pigment glands is combined with other components of 
the meal to form bound gossypol while the remainder is dissolved in the 
oil flowing from the press. However, there is less bound gossypol 
(0,60~0,65%) in the meal from low temperature processing than that 
(0,80-0.85%) from high temperature processing. This results in a 
gossypol=like content in the crude oil from low temperature processing 
as high as 1%, compared with 0.3-0.4% in the oil from high temperature 
processing. 


When the oils with high gossypol-like content from low temperature 
(200° F.) processing were refined and bleached immediately, an excellent 
grade of oil resulted; but on storage, particularly at 950 F ssgefOom Ssov= 
eral weeks before refining excessive color reversion took place and the 
color of the oil was increased. Other problems with modified screw 
pressing operations using low temperatures were productive capacity and 
an increase in foots, particularly of a fine nature. 


Suggestions from oil mill officials and our own research work, in- 
dicate that the problem of drastic color reversion in the crude cme 
produced by low temperature screw pressing operations might be solved 
by: (1) immediate cooling of the oil, followed by immediate refining; 

(2) chemically inactivating the gossypol and other pigments in the crude 
oil immediately after screw pressing; (3) development of more efficient 
bleaching operations, rebleaching, high shear bleaching; and (4) pro- 
duction of a screw press oil initially with an extremely low free gossypol= 
like content (0,03-0.04%) comparable to that of normal hydraulic oil. 
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On this last approach some mill scale, cooperative work is underway; 
and results to'‘date show promise, particularly in preparing a screw 
pressed meal with a free gossypol content of 0.03% or less, and at the 
same time a screw press oil, closely resembling hydraulic press Cute ren 
that it does not revert appreciably upon storage at 95-100" F, These 
results are achieved by subjecting moistened cottonseed meats to a care- 
ful rolling operation, followed bv a modified hydraulic cooking, then 
cooling the cooked flakes to approximately 180° F., before screw press= 
ing operations. Such operations also result in less foots in the oil 
compared to that in the oils from low temperature dry cooking and even 
normal high temperature cooking operations. Productive capacity of 
such operations was somewhat less than that for normal conventional screw 
press processing. 


A large number of oil mills are being converted to prepressing sol- 
vent extraction plants. In these mills, as well as in screw-pressing, 
hydraulic pressing and solvent extraction plants in which hexane is used 
as the solvent, it is essential to find ways to lower the free gossypol 
content of the meal. 


Excellent research is being conducted by commercial oil mills along 
this line. In addition, three investigations are under way in the SRRL 
to improve the processing of cottonseed meat by all methods. One of 
these is to find equipment other than the screw press for breaking pig= 
ment glands, another is to find cooking conditions which will aid in 
breaking pigment glands and which will allow the gossypol to combine with 
other components of the meal without appreciably lowering the nutritive 
value of the protein, and a third is to find chemicals that will break 
pigment glands and form stable nontoxic compounds with gossypol. Experi-~ 
mental meals are being produced in the laboratory and pilot plant and are 
being submitted for nutritional studies, as rapidly as they become avail- 
able, to determine the nutritive value of the protein and for further 
studies on the influence of. free and bound gossypol on the dietary value 
of the meal, cee 


Discussion 

“Question: Does the end product meal from straight expeller processing 
contain less free gossypol than expeller meal prepressed for 

solvent extraction? - . 


Answer: Yes, that is correct due to.a less severe shearing action on 
the meal during pressing for subsequent solvent extraction, 


Question: Do you have gossypol data to show these differences? 


Dunning: Pre=press cakes’ range from 0,1 to 0,15% free gossypol, com= 
pared with 0,04 to 0.06% in extracted cakes. . 


Question: . This work emphasizes the necessity of more control in rolling? 


Answer: 


Dunning: 


Vix 


Question: 


Answer: 


Question: 


Vie 


Question: 


Gastrock: 
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Yes. Just what you have to do to get the gossypol down is 

important, Data should be available, but if it is not con- 
clusive we will see what we can do about it at this Labor- 

atory. 


There has been little discussion on the effect of moisture 
upon gossypol reduction. We have found that high moisture 
gives better reduction. 


Both moisture and rolling are necessary to effect gossypol 
reductions 


What were the free fatty acids of the seed and oil discussed? 


In the neighborhood of 0.9 for the seed, and in the oil be- 
tween 1.4 and 1.5. 


Isn't that an excessive increase in free fatty acid? 


Yes, but perhaps I can explain it. Gossypol shows up in the 
free fatty acid determination as free fatty acid, and the 
gossypol was high in this particular oil, 


Would identical processing of two lots of seed, one having 
high gossypol and high protein content, and one of low gossy- 
pol and low protein content result in production of meals 
having the same gossypol and the same protein, or possibly 
would the one having the higher initial gossypol content come 
out after processing with the lower gossypol content of the 
two considered? 


I think you will have to try that. 
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EFFECT OF CONDITIONS OF ROLLING ON THE CHEMICAL 
PROPERTIES OF HYDRAULIC PRESSED COTTONSEED MEAL 


yr 
C. G. Reuther, Jr., D, M. Batson, M, F. He LeBlanc, dre, 
and N. B. Knoepflerc(NCPA Fellow) * 
Southern Regional Research Laboratory 


Studies were undertaken at this laboratory to improve the nutritive 
value of hydraulic-pressed and solvent-extracted cottonseed meal. 


Recent work has shown that it is possible to prepare cottonseed 
meals of higher nutritive value than those normally produced by pressing 
mildly cooked meats through a commercial screw press maintained at a rel- 
atively moderate temperature. Chemical analyses of the products from — 
this modified procedure showed that the meal was very low in free gossy= 
pol content (0.03%) and high in soluble nitrogen (35%). The mild cook- 
ing accomplished little gossypol reduction in the meats, but practically 
complete reduction took place in the press. The reduction during press-= 
ing was brought about by the shearing forces causing breakage of the ~ 
gland walls, -thus allowing the pigments either to combine with protein 
constituents of the meal or to flow out with the oil. Analyses of the 
oil showed that the latter was predominant. 


If it were possible to break a substantial portion of the gland : 
walls in cottonseed meats prior to cooking, the extent of cooking could 
then be reduced'to that necessary to (1) break the remainder of the 
gland walls; (2) react all released pigments to form bound gossypol3$ 
(3) condition meats for best oil expression. The reduced cooking would 
result in meals of higher nitrogen solubility. Thus this procedure would 
result in meals similar in chemical analyses to those produced by the 
modified screw pressing method and the oil would contain much less pig- 
ments. In addition, the procedure would be applicable to any method of 
oil expressing, 


Since ordinary flaking operations break a small proportion of pigment 
glands, attention was directed toward the use of three types of conven- 
tional rolls to rupture glands. The present study was undertaken to 
determine the effect of different rolling treatments upon the pigment 
glands in cottonseed meats, 


In addition, once the rolling effects had been determined, flaked 
meats with little gland breakage and flaked meats with substantial gland 
breakage were cooked under various conditions and hydraulic pressed to 
determine the extent to which gland breakage is responsible for reduction 
of gossypol in processed cottonseed meal, 
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The results of the rolling; study. showed that 5-high rolls were 
better than single corrugated of smooth rolls for causing gland breakage. 
The effectiveness of all three types was increased as the roll spacings 
were decreased, Also, each type roll exhibited a critical moisture 
level necessary in the meats below which few glands were broken. In 
the case of the 5<high rolls, with maximtim spring load and close 
Settings, approximately 55% of the glands were broken when the meats 
were over 10% moisture during rolling. 


Upon completion of the rolling study, two sets of conditions were 
selected which gave rolled meats as similar as possible except for the 
amount of glands jroken in each. The first set of conditions was smooth 
rolls set at 0.00;" with meats at 14% moisture. The flakes produced had 
approximately 5% >roken glands, The second set of conditions was 5-high 
rolls set at maximum spring load and close settings with meats at 14% 
moisture. The flakes produced had. approximately 55% broken glands, The 
two kinds of flakes were cooked in a 5-high cooker and hydraulically 
pressed in paired runs of identical cooking and pressing conditions. 
Thus, the differences in free gossypol content and nitrogen solubility 
noted in the press cakes were due to the differences in degree of gland 
breakage in the meats caused by rolling. Four sets of paired runs were 
made using different cooking conditions. The analyses of the press cakes 
are shown in the following table. Odd numbered runs were made with the 
smooth rolled flakes and even numbered runs were made with the Sehigh 
rolled flakes, 


These data show that under all cooking conditions investigated the 
S*high rolled flakes (55% broken glands) resulted in press cakes 
approximately 50% lower in free gossypol content than the identically 
cooked meats from the smooth rolled flakes (5% broken glands). 


Free-Gossypol Content and Nitrogen Solubility of Press Cakes 


Run No, : Free=-Gossypol Content : Nitrogen Solubility 


: % 
is Oe55 61 
2 0.21 58 
3 0.19 et) 
4 0,07 53 
& OF 18 48 
6 0.08 A? 
7 0.09 43 
8 0.03 : AL 
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Discussion 


Question: Was the nitrogen solubility the same on flakes having 5% of 
the glands broken as it was on flakes having 55% of the glands 
broken? j 


Answer: Yes, there was only a slisht difference. Figures given were 
averages. Actual nitroven solubilities in four tests were 
as follows: 


Test.(s 2 Percent Soluble Nitrogen 


meena e ener saree meee 


No. : With 5% gland breakage : With 55% gland breakage 


1 61 58 
ey 54 o4 
+) 47 48 
4 42 46 


_ Probably the order of feeding the material to the cooker 
could account for the differences between the 5% and 55%, 
The order of cooking was varied in as much as the 5% gland 
ruptured meal was fed first in some cases and the 55% gland 
ruptured meal in others. Charges to the cooker were made 
batch=wise and not continuously. 


Question: Thiamine values. Are they available? 


Answer: Yes, but I do not have them with me, Mr. LeBlanc, do you 
have them? 


LeBlanc: Yes. I havo the values for the two meals from the last run. 
The 5% gland breakage meal had a 17,91 p.pm. while the 55% 
gland breakage meal had a 15.56 p.p.m. thiamine value. 


Question: Can you give us average flake thicknesses under the various 
conditions. 


Answers The material should have been the same except for the amount 
of gland breakage; however, that is not exactly so. Using 
the smooth rolls with material entering at 14% moisture, and 
the rolls set at 0.005" clearance, gave an average flake 
thickness of 0,010" while material entering the 5-high rolls 
at 14% moisture, with the roll spacings from top down 0,026, 
0.015, 0,008, and 0,003" resulted in a shredded material with 
no definite flake formation. It can be assumed that any 
differences in gossypol content may be due to particle sizes 
as well as gland breakage. 


Question: What moisture was used in cooking? 


Answer: The meats had 14% moisture entering the cooker. The material 
in the first run was dried down to 7% moisture leaving the 
cooker, all vents being open and the blower on. It was 4 
drying stage throughout. In the second run the top vent was 
closed to avoid a drop in moisture in this stage. The bal- 
ance of the vents were open. The final moisture was again 7%. 

In the third run the top two vents were closed, thus main- 
taining the 14% (approximately) in the top two rings. The 
drying stage was in the bottom ring. The final moisture 
was again 7% from the cooker. In the fourth run material at 
14% moisture was fed to the cooker. Low quality steam was 
added to bring the moisture content up to 17 Ob. The 
material was dried down to 12% throughout the balance of the 
cooking operation. 


Question: What was the variation in thiamine from run to run? 


Answer: Thiamine was determined only on meals approaching the desired 
0.03% free gossypol content which we were trying to produce. 


Vix: What happens in the first ring of the cooker is most important. 


Reuther: Yes. In the last run as the meal left the first ring its 
gossypol content was down to 0.06% and after leaving the 
second ring it was 0.03% and the final meal produced from the 
cooker was 0,026% free gossypol. 
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SCREW PRESSING OF COTTONSEED i 


by 
A. Cecil Wamble 
Texas Engineering Experiment Station 


About a year ago a three way agreement was completed between the 
U. S. Department of Agriculture working through the Southern Regional 
‘Research Laboratory, the Cen-Tex Cooperative Oil Mill of Thorndale, Texas, 
and the Texas Engineering Experiment Station under which it was agreed 
that the Texas Engineering Experiment Station through its Cottonseed 
Products Research Laboratory would plan and conduct a research program 


*—R report of work done under a contract between the Texas Engineering 
Experiment Station and the U. S. Department of Agriculture and authorized 
by the Research and Marketing Act. The contract is being supervised by 
the Southern Regional Research Laboratory of the Bureau of Agricultural 
and Industrial Chemistry. 
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on screw pressing of cottonseed, This program was to be carried out under 
controlled conditions, including full scaled operations in a manner appli- 
cable to commercial practice to determine: 


A. The effect of processing rates and conditions on: 

1. The yield of oil calculated on a refined oil basis. 

2. The amount of operating power required, cost of 
maintenance and other factors deemed advisable. 

3. The free fatty acid content of the expressed oil 
and residval oil of the cake; the protein content 
of the cakes such other characteristics of oil and 
cake as may reasonably require investigation. 

4, The amount and value of tank bottoms, "foots" and 
soap stock produced, 

5.. The qualitative nature of the components of the 
screw-pressed oil, 


B, To what extent, if any, the use of high moisture seed accentuates 
the effect of high temperatures of screw pressing on the color 
and quality of the oil and meal produced, 


_C. The effectiveness of present methods of cooling screw pressed 
oils and how they may be improved, 


D. The degree of permanent color damage in screw pressed oils and 
whether this damage can be reduced or eliminated by prompt 
refining or by other means, 


Following the completion of the experimental operation and the eval~ 
uation of the end products and reconciliation of the data, recommended 
standards of operation of screw press mills for processing cottonseed will 
be prepared, 


Actual experimental work at the Thorndale plant started last spring; 
however, a seed house fire which destroyed the mill's seed stock caused 
the work to be delayed until the beginning of the present crushing season. 
All of the runs made this season have been under the same rolling con= 
ditions, cooking time, screw speed, and as nearly the same load on the ©. 
_screw press motor as possible. Future plans will include runs at other © 
levels for cach of the above conditions. For example, the speed of the 
crushing rolls will be increased 50% and a series of runs will be made 
on thinner rolled meats. Later moisture will be added ahead of the rolls 
instead of in the top ring of the cooker. It is expected that these 
two changes will tend to produce cottonseed meals of lower free gossypol 
content. Tre basis for expecting lower gossypol meal under conditions of 
thinner rolling and higher moisture content in the meats prior to rolling 
is.a study previously made. on rolling conditions. A part of the data 
from this project to date are not complete enough to form the basis of 
many hard and fast conclusions, Actually most of it represents runs which 
would not be expected to produce the type of cottonseed meal which has 
been found to have superior nutritional qualities of this group. 
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Probably partly because the conditions are out of the usual operating 
range of commercial cottonseed processing plants and few plants have had 
much experience with them, the particular conditions which have been found 
to produce the best meals from a nutritional point of view are the most 
difficult. to control, This difficulty is not always recognized from re- 
ports on the experiments alone, In order to more clearly indicate the 
nature of the problem the following reasons given by the men actually 
operating the machines for not cooking at 215° F, final cooking ‘temper— 
ature have been listed in approximate order of operator's dislike for them: 


Reasons for not cooking at 215° F. 


1. The quantity of foots produced is usually greater and the 
nature of the foots is such that they are difficult to filter. 

@s Throughput is low due martly to the screw not taking the feed 
uniformly. 

8. Power is usually very irregular probably due to irregular 
loading of the screw. 

4. It is difficult to get sufficient cooking and low enough final 
moisture in cooked meats, 


The limited data obtained so far does indicate several probabilities: 


1. The meals produced at low cooking temperatures which should 
produce more digestible proteins usually run lower in free 
gossypol,. 

2. The best operating conditions for the range covered seems to 
be at 245° cooking temperature, 300/1000-inch cake thickness 
and probably at 270° cage temperature. These conditions 
would not be expected to produce the highest quality proteins. 

3. The method of preparation of cottonseed meats prior to screw 
pressing is expected to be an important factor contributing 
to the free gossypol content of the cake. 

4, The greatest single cause for higher than normal color in 
freshly pressed screw pressed oils has been shown to be due 
to leakage of very small quantities of gear compound into 
the oil, 
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Discussion 


Question: Do you have data on the bleach colors of the oils produced 
in your runs? 


Answer: Yes. Some oils have bleached as low as 1.0 Red. Fresh 
oils bleached better than stored oils. A typical run shows 
a refined color of 4.62 Red and a bleached color of 1.40 Red. 
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Question: Did the bleach colors vary as much as the refined oil colors? 


Answer: Yes. I would say they did. However, the data are not com= 
pletely reliable because of their preliminary nature. 
Additional data may show definite trends. We can offer no 
explanation for the variation at this time. 


Alderks: The tendency in. the past has been to report only refined 
colors, while bleach colors are those of importance. No 
one eats refined oil. 


Wamble : We run bleach colors on all samples, using the photometric 
method, of the American Oil Chemists! Society. , 
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EFFECT OF PROCESSING CONDITIONS ON THE COLOR OF COTTONSEED OIL 


by 
Catherine H. Pominski 
Southern Regional Research Laboratory 


The pigments of cottonseed occur in pigment glands that are distrib- 
uted throughout the cottonseed, a situation unigue to cottonseed, New 
pigments other than gossypol have been discovered in cottonseed, There 
is considerable variation in pigmentation among different cottonseeds 
giving rise to variation in the pigmentation of cottonseed products ob= 
tained in different localities, 


There are a number of methods for the determination of gossypol in 
cottonseed oil, most of which measure other pigments in addition to 
gossypol. There is a need for a new method which will measure only 
gossypol and will be easy to use. . ; 


Several samples of crude hydraulic-pressed and screw-pressed oils 
produced under known processing conditions have been found to differ 
markedly from cach other with respect to their original colors and 
refining characteristics, Screw-pressed crude oils were more deeply 
colored and contained one principal pigment, whereas the hydraulic-~ 
pressed oils contained two principal pigments. The crude oil pigments 
differ from gossypol, but like gossypol are removed during alkali-~ 
refining. The pigmentation of the crude oils has been showm to depend 
principally upon the pismentation of the original seed and the moisture 
content of the seed during cooking. On the basis of their absorption 
spectra it has been deduced that the alkali-refined hydraulic-pressed 
oils contain two to three pigments originally present in the crude oils, 
whereas the alkalierefined screw-pressed oils contain these same pigments 
as well as a large number of decomposition products of the principal 
crude oil pigment. None of these oils exhibit characteristic absorp= 
tion in the Red region, 


In a second series of mill-scale tests involving hydraulic- and 
screw-press operation, the rate of increase of bleach color in the oils 
during storage of the seed and crude oil has been correlated with tem= 
perature of storage and changes in the absorption spectra of the oils, 


In another series of tests designed to determine if variation of 
the processing conditions prior to screw-pressing would not produce an 
oil of comparable color and storage quality to hydraulic-pressed oils, 
the effect of variation in moisture content, temperature and time of 
cooking as well as method of preparation of the meats has been studied, 
Results indicate that a lower temperature of cooking for a longer period 
of time gives the best results, an oil comparable to hydraulic-pressed 
oil. At this time the meal produced under these conditions has been 
found to have a higher nutritional value than meals produced under any 
other conditions of hydraulic- or screw-pressing. This has led to a 
further series of investigations which has emphasized the nutritional 
value of the meals produced rather than quality of oil produced. 
However, in the last series of mill-scale tests, the color of some of 
the oils obtained by low temperature cooking prior to screw-pressing 
has been studied to some extent. The color of these oils, as initially 
produced, compared favorably with those produced by normal screwepress 
operations. Due to insufficient information it has not been possible 
~to predict their storage properties. 


Investigations of the pigmentation of screw=press oils from the 
plains of West Texas, which normally have high red color, have shown 
these oils, particularly the alkali-refined oils, to possess an unusually 
large amount of red pigmentation, as determined by absorption spectra. 


The results of an extensive study of the absorption spectra and 
content of gossypolelike pigments of a large number of hydraulic-pressed 
and screw-pressed oils from different localities show some interesting 
relationships between the absorption spectra and their refining and 
bleaching characteristics. 


The necessity for further investigations of a fundamental nature on 
the pigments of cottonseed oil is very important at this time. 
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Discussion 
Ward: This subject is quite important to us now since many mills 


and industrial laboratories are turning more and more to 
spectrophotometric color determinations and we must know 
what they mean to properly interpret them, 


Ie 
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FUNDAMENTALS OF PRODUCTION OF COTTONSEED MEALS 
| OF SUPERIOR NUTRITIVE VALUE 


By f 
A. M. Altschul 
Southern Regional Research Laboratory 


The past few years have witnessed considerable progress in organized, 
cooperative research on the relation of nutritive value to the conditions 
of: processing and chemical properties of cottonseed meals. The purpose 
of this research has been to determine the objectives for which processors 
should strive in ‘order to produce meals of superior nutritive value. 

These objectives now appear to be conditions that will maintain the 
protein as close to the raw state as possible and at the same time will 
reduce the "free" gossypol to 0.03% or less, 


So far the reduction of free gossypol has been accomplished generally 
“by the use of heat in cooking which introduces a conflict between the 

two objectives. Attaining one seems to be at the expense of the other. 
Research, then, must show how the best possible compromise can. be achieved 3 
that is, by the production of meals of low free gossypol content with a 
minimum amount of heat, or by the development of an entirely new type of 
process, 


There are three methods currently in use for processing cottonseed=- 
hydraulic pressing, screw-pressing, and solvent-extraction. In hydraulic 
‘pressing decorticated cottonseed is flaked, cooked in the presence of 
water at temperatures above 230° F., formed into cakes, and pressed at 
approximately 2000 pounds per sq. inch pressure. In screw pressing de=- 
corticated cottonseed is cracked or flaked, heated at temperatures 
ranging up to 230° F. to 240° F., and forced continuously through a screw= 
press, in which additional heat is generated by friction--temperatures as 
high as 300° fF. being attained. Solvent extraction may be applied 
directly, in which case cottonseed flakes are extracted with solvent 
and the oil-free mcal is then toasted; or in combination with pre-pressing, 
where cottonseed meats are cooked, then put through a screw-press to 
reduce the oil content to approximately 10%, followed by solvent ex= 
traction to remove as far as possible the remaining lipids. An examin- 
ation of what happens to "free" gossypol and protein value during these 
various processing operations will clarify the nature of the conflict 
between gossypol-reduction and the retention of protein value. 


Gossypol 
The fate of the "free" gossypol is shown in the following table: 


"Free" Gossypol in Normal Processing Operations 


: "Free" Gossypol Content 


: : Cooked : Cake from : Finished 
Process  ¢: Meats : meats re-press : cake or meal 
fe fo fo pe 

Hydraulic 1.0 0,10 - 08 
Screw-press dy l eA - 005 = .05 
Solvent-extracted 095 poctl/ ~ 029 
Pre=press solvent “ 

extraction 095 seo 08 e027 = .0d 


od 


1/ Usually uncooked. 


- = . Gossypol*in the meats isoall in the "free," readily extractable, 
form. Cooking as practiced in the hydraulic press operation reduces 
the "free" gossypol to values around 0,1% (In some instances, reduction 
to as low as 0.04% has been noted). Removal of the oil by hydraulic 
pressing causes little further reduction in "free" gossypol. 


Ordinary screw pressing does not cause as much reduction in the 
"free" gossypol during the cooking operation as is accomplished in the 
hydraulic press process. The screw press, however, is capable of re- 
ducing the free gossypol during the process of oil extraction. Meals 
have been obtained by screw pressing which contained the minimum amount 
of "free" gossypol to permit unlimited feeding to hogs and chicks, It 
is evident that some of the reduction in "free" gossypol takes place 
by removal with the oil; witness the much greater amount of gossypol 
in screw press oil than in hydraulic press oil. 


Generally, we have found that the "free" gossypol in solvent= 
extracted meals is higher than in hydraulic meals. In one set of samples 
from a mill which used pre-pressing followed by solvent extraction, 
cooking effectively reduced the "free" gossypol content to a value 
around 0.25%, and passage of the material through a pre-press resulted 
in a further reduction in "free" gossypol content to a value of approx- 
imately 0,08%. Solvent extraction of the pre-pressed cake, and drying, 
resulted in a further reduction. In some samples from other mills us- 
ing the process, there was no reduction in "free" gossypol following 
pre-pressing. Some of the meals that have been produced by this process 
have had low "free" gossypol contents (0.027%). 
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Protein 


It is difficult as yet to define protein quality by chemical means, 
but for our purpose we have selected two measurements that are helpful. 
The first is nitrogen solubility, which is lowered as the protein is 
heated. The second is the thiamine content, which seems to be lowered 
when heat is applied to the protein. | : 


The effect of different processing conditions on the retention of 
protein quality, as indicated by these measurements, is shown in the 
following table, 

Effect of Type of Process on Nitrogen Solubility 
and Thiamine Content 


: Nitrogen -: : Thiamine 
_»__Type of. Process : :; solubility 3 content 
b . satis | % " P»ePM. 
Solvent extracted . 60 R4- 
Pre=press solvent extracted 30 = 60 13 = 28 
Hydraulic press an 20 = 30 it of Biel 


Screw press Pel). 4—=2 6, 


a ee 


If we consider nitrogen solubility and thiamine content to be 
related to the protein availability of cottonseed meal, we come to the 
conclusion that usually only one of the two objectives in processing 
“is attained, Either the material has satisfactory protein value, or 
at least shows no undue protein damage, but has higher than 0.03% 
"free" gossypol3 or the material has been reduced in "free" gossypol 
content tp 0.03% at the expense of the protein solubility and thiamine 
content. 


Experiments in cooperation with several industrial concerns have 
shown that it is possible to produce a screw-press meal without heating 
the meats above 200° F. prior to passage through the press. Such screw 
press meals have a low "free" gossypol content, 0.03% or less, and also 
show less change.in the protein than do normally=produced (cooked or 
‘heated to temperatures above 240° prior to passage through the press) 
screW-press meals, Feeding tests using these meals have indicated that 
there is indeed an improvement in nutritive value. There are several 
questions yet to be answered, however, ‘The most important of these is 
the effect of such processing upon the quality of the oil. Preliminary 
experiments have indicated that the oil results in approximately the 
‘same refining loss, and color, as normally produced screw-press oil if 
refined immediately. Upon storage, however, the oils, produced by the 
modified screw-press method gave higher bleach colors. 


» 85 - 


Research is continuing, in cooperation with industry, on the modi-= 
fication of processing conditions during screw pressing to retain the 
benefits of minimum heating, yield a meal of low "free" gossypol, and 
an oil that is as good, if not better, than ordinary screw press oil. 


A "universal" a approach, 


Tnprovement of screw pressing, however, will affect only one seg- 
ment of the cottonseed industry. Therefore, it is desirable also to 
develop an approach toward the production of meals of higher nutritive 
value by hydraulic pressing and the various methods of solvent ex~ 
traction. Such a "universal" approach may be arrived at by considering 
the fundamentals of reduction in "free" gossypol. The following chart 
shows the avenues of change available to "free" gossypol during the 
processing of cottonseed. 


Possible Fate of "Free" Gossypol 


aaa reams 


PIGLET Lis 
NY 
"FREE" GOSSYPOL 


uae a de ot tones. 


Bound Remains “Removed Changed by Removed 
in‘Meal in Meal with Chemical as Intact 
eet as "Free" Oil Reaction Glands 
Gossypol 


Originally all of the gossypol is in cottonseed pigment glands, in 
what we consider the "free" state. If the pigment glands are ruptured, 
the gossypol can then take several courses. One course is to bind it 
with the constituents of the meal, presumably with some of the active 
groups of the amino acids of the proteins. Under such a condition it 
remains in the meal but is not readily extractable with aqueous acetone, 
and is called "bound" gossypol, Nutritional evaluations to date seem 
to indicate that the limitations in feeding associated with gossypol are 
related to the "free" gossypol but not to the "bound" gossypol. Another 
course available to the gossypol liberated from the pigment glands is to 
dissolve in the solvents used to extract the oil or to be removed in the 
oil as it is pressed out. A third course is to react with chemicals to 
form nontoxic products. There is also the possibility of removing the 
intact pigment glands by "fractionation," but this method has not yet been 
developed to a practical stage, 


Let us consider some of the processes in the light of this knowledge. 
In a typical hydraulic press operation cooking serves to rupture the pig-= 
ment glands and liberate the gossypol to react with the other constituents 
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of the meats, and also accelerates the reaction to result in conversion 

of most of the "free" gossypol into "bound" gossypol. In screw pressing 
the pigment glands are ruptured and the heat developed by attrition inside 
the press promotes the binding of a portion of the gossypol with the 

meal, while significant quantities are pressed out'with the oil. 


The difference between screw= and hydraulic-preéssing has been attributed 
to the fact that cottonseed meats are subjected to shear in the barrel . 
of the screw press and that_pressure with..shear promotes, the ture _ of 
pigment glands whereas aa rt Se PRR dee SEtBS rad ban ‘Pep aee tbat eS capraedure 
glands led to the thought that it might be possible to reduce the load 
on the cooker by rupturing part of the pigment glands mechanically without 
heat prior to cooking, All that would remain to be accomplished in the 
cooker would be the rupture. of the remaining pigment glands and binding 
of the "free" gossypol with the meal, The major consideration in cook= 
ing would be to prepare the material properly for extraction, whether by 
pressing or by solvent extraction. Minor attention would have to be 
paid to the reduction in "free" gossypol at this step. Pilot plant ex- 
periments have demonstrated that such a procedure has possibilities=- 
mechanical rupture of pigment glands prior to cooking enabled more 
effective reduction in "free" gossypol during cooking, 


A comparison of processes. 


A summary of the progress made in achieving a "compromise" between 
the reduction in "free" gossypol and the retention of protein value in 
cottonseed meal is given below: 


General Comparison of Cottonseed Meals from Different Processes 


:Meats requirements on:Meats requirements 

Type of Process :free gossypol 1/ :on protein value 2/ 
Butanone extracted Yes Yes 

Hydraulic press No Yes 

Solvent extracted No Yes 
Pre=press, solvent extracted No 3/ Yes 

Screw press Yes No 

Low temperature screw press - Yes Yes 3/ 


Pilot plant hydraulic press or 
solvent extraction Yes 3/ Yes 


Contains 0.03% or less "free" gossypol. 

Nitrogen solubility above 20%. 

Some commercial "pre-press" meals, modified screwepress meals produced 
on an experimental basis in commercial plants, and some piloteplant 
hydraulic meals seem to meet the current qualifications. 


oe 
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| It is noteworthy that several attempts have been made to resolve 
the"conflict" by entirely new approaches. The gland fraction process 
deve loped at the Southern Laboratory for the complete removal of gossypol 
by mechianidal means is'an example, Another is tho removal of gossypol by 
Chemical reaction that is being practiced by the Buckeye Cotton Oil Co. 
at present, 

With the demonstration that meals of improved dietary value can be 
produced, more attention now must be directed to the effect of modifi- 
cations in processing on the quality and yield of oil. There is already 
@ much better understanding of the fundamentals of cottonseed processing 
as a result of our combined research and it is not too much to hope that 
the processing of cottonseed can be further improved to yield both oil 
and meal of superior quality. 


None,’ 
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IMMEDIATE PROCESSING AND ENGINEERING PROBLEMS 
REQUIRING INVESTICA TION 


by 
E. A. Gastrock 
Southern Regional Research Laboratory 


Cottonseed oil has been worth, during the past decade on a weight 
basis, from 4 to 7 times the value of cottonseed meals and because of 
this fact, most processing and engineering research has been directed 
toward increasing the yield of the oil, and the throughput of the pro= 
cessing plant. Furthermore, since the quality of the oil is defined by 
trading rules, with a system of premiums and discounts, the yield of 
oil and throughput cannot be considered wholly apart from oil quality. 
Oil qwlity, therefore, has been next in importance as a subject for pro=- 
cessing and engineering research because, as in the case of yield and 
throughput, improvements in oil quality are reflected in increased dollar 
value of the products. 


On the other hand, the meal quality is not as well defined by 
trading rules nor does the present state of our knowledge of nutrition 
permit as clear a definition as might be desirable of the nutritive 
value of cottonseed meal or for that matter, for any protein meal. Thus, 
research to improve meal quality is lacking the very important incentive 
of increased monetary return from the improvements made, It should he 
evident that in improving meal quality any possibility of impairing oil 
yield, oil quality and productive capacity must be avoided. 


wo KO a 


. These general considerations must be applied in seeking solutions 
to our processing problems, but each individual case is further affected 
by the quality of seed processed and the method of processing used;. that 
is, whether by hydraulic or screw pressing, by direct or pre=-pressing 
solvent extraction, or by any new process such as filtration-extraction. 


The complexity of the problems should be evident from the foregoing, 
but I believe the greatest progress can be made by first studying in a 
most thorough fashion two phases of the processing operations that are 
‘common, at least in part, to every one of the processing methods now be- 
ing used, ‘These two phases are rolling and cooking. Rolling is common 
to each processing method and if we consider the conditioning of meats 
jin direct extraction as a form of cooking, then we can say that cooking 
is also common to each processing method. In proposing this thorough 
study of rolling and cooking I am well aware of and want to pay tribute 
to related research that has been carried out in the past and to the work 
that is now underway on these phases, -A great amount of know-how re= 
garding rolling and cooking comes to us from hydraulic pressing. In 
this method of processing almost complete dependence is placed on rolling 
and cooking in order to obtain press capacity, oil yield and oil quality. 


In screw pressing the cookers are used largely as a means of drying 
the meats to the low percentage of moisture that is necessary if high 
yields of oil and high press capacity is sought. Cracking and rolling 
as well as cooking are too often minimized in this method. I believe 
that inadequate rolling and the use of somewhat dry cooking is respon= 
sible for some of the difficulties of this method. 


In direct extraction, rolling is done after the meats are con= 
ditioned, and thin, strong flakes, with a minimum of fines are sought. 
One can readily see that the cooking step has serious limitations placed 
upon it in this method. 


I believe that the pre=pressing solvent extraction method has made 
much of its recent progress because more attention is being directed. to 
the rolling and cooking phases. 


In our owm research on the filtration-extraction method we consider 
rolling and cooking of the utmost importance. 


Let us consider for a moment what we are trying to accomplish. We 
start with seed that are,for the most part, alive. After removing 
linters and hulls we start processing the meats. The meats or kernels 
plus about 25% hulls, as processed, contain about 30% of oleaginous 
materials, 5 to 15% of water, 1 or 2% of pigment glands, several percent 
of sugars, about 30% of protein (which produced a 41% protein cake or 
meal upon removal of the oil), some crude fiber and other minor con- 
stituents. The oleaginous material may contain from 1/2% to 10% or 
more of free fatty acids. Also present are phosphatides, sterols, and 
other minor constituents in varying amounts. This mass of meats and 
hulls is permeated by a number of enzyme systems which are usually kept 


in good balance ina good quality of seed, properly stored. But when 
the hulls are removed and rolling is done, it is like the last day of 
school. All the different enzyme systems get ideas (bad ones) of their 
own, What occurs. should not happen to a cottonseed. : 


But most of the trouble is caused by the pigments of the seed-=~ 
most of which are various related forms of gossypol. When the pigment 
glands are broken during rolling, cooking, pressing, or by the action 
of water or other solvents, the gossypol pigments that emerge will remain 
with the oil unless conditions are present that will cause these pigments 
to combine with some portion of the meal. Generally speaking, three 
conditions are encountered: 


1. Gossypol that is removed with the oil,. will present diffi- 
culties in producing oils of prime cokers 

2. Gossypol that remains in unbroken or partindly broken pig- 
ment glands or has loosely combined with the meal is 
measured as free gossypol in the resulting meal and is 
responsible for the toxic effects; and 

3. Gossypol that has firmly combined with the meal is measured 

-’ -as bound gossypol, and is generally considered to be non- 
toxice 


Some glands may be broken and some gossypol may be found during 
rolling. Most of the binding can be made to occur during cooking but 
if the job is only partially done then some binding can occur during 
screw pressing. — 


In hydraulic pressing, however, gossypol removed from the pigment 
glands and not bound during cooking will usually be found in the oil as 
verv little binding occurs in the hydraulic press. If any glands are 
unbroken or still contain gossypol, they also are but slightly affected 
by hydraulic pressing, and such gossypol stays in the cake or meal as 
undesirable, free gossypol. 


In pre=pressing solvent extraction pigment glands may eh broken 
and gossypol binding inay occur in many of the steps--in the preliminary 
rolling, in cooking in pre-pressing, in conditioning and flaking, and 
to some extent in final meal desolventization. It may also occur in 
pelleting or briquetting of the meal product. 


In direct extraction, however, what usually occurs is that some 
glands are broken during conditioning and flaking, but very little bind- 
ing occurs. Consequently enough gossypol is present in the oil to give 
trouble and considerable free gossypol is present in the meal. 


We consider it very fortunate that our filtration-extraction process 
requires cooking because this not only improves the extraction and the 
operation of the filter but also gives us a powerful tool to use in in- 
proving oil and meal product quality. 


- 9O « 


To summarize, I believe that a thorough study of rolling and cook- 
ing will enable us to find the best conditions for breaking pigment 
glands and for directing the gossypol pigments in the least troublesome 
form to the product or products. I am sure that the conditions will 
vary somewhat for seeds of different quality and for different methods 
of processing but when the underlying principles are more completely 
understood and applied, it will be easier to carry out engineering and 
processing research on the remaining phases of the various methods of 
processing cottonseed, 


Se 
Discussion 


Dunning: What are cooking conditions as distinguished from drying 
conditions? Can the cooking stage be defined in terms of 
temperature, time, and moisture content in order to divorce 
it from the drying stage? We know that at temperatures 
above 205° F,, the vapor pressure of moisture present in 
the meal prevents the entrance of further moisture into the 
meal tissues. You can "cook" at 12+% moisture at 215° F, 
and actually not cook. 


Altschul: Drying is the application of heat accompanied by loss of 
moisture. In organic material, certain other changes also 
take place. A series of laboratory cooking experiments 
where the moisture is kept constant, temperature and time 
being varied, are now being undertaken at this laboratory 
to show the effect on properties. This may yield some in- 
formation, . 


Vix: In some pilot-plant runs we have noted the same effect. 
With a high moisture (21-25%) in the first ring, a time 

of 12 minutes, and temperature below 212° F., we get a 
very rapid reduction of free gossypol with a minimum re- 
duction in nitrogen solubility. For hydraulic press 
cookings succeeding rings were used for drying with vents 
open. The problem is to achieve a rapid reduction in free 
gossypol without appreciably affecting the nitrogen solu- 
bility of the material. . 


Question: Why do hydraulic press operators like to obtain 190° F. in 
the first ring very quickly? 


Fincher: Getting to 120% F very quickly is necessary to control oil 
quality and refining losses, Failure to do so gives high 
refining losses, 


Vix: Then the differences observed in our pilot-plant work may be 
attributed to our feeding of the cooker batch=wise and not 
continually. 


Question: 


Markley: 


Dunning: 
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What effect did high temperatures have on oil quality? 
Noticed low refining loss with low temperature in top 


The seed was dry, 67% moisture. Due to the fact that this 
moisture was low, we stayed out of the danger zone in cook- 
ing. Also, did very little work; most work, mainly drying, 
took place in the last ring in the cooker, 


One handicap in these studies has been the lack of adequate 
instrumentation. We need a method for immediate, accurate, 
and continual measurement of conditions in each ring of the 
cooker. 


Again, how do you determine when cooking stops and drying 
starts? 


Cooking stopped at 205° F, and drying started. There is no 


‘instrument to actually determine this; it is usually best 


done by a trained operator who feels, smells, and sees, 

Tests at various mills which related results of oil and meal 
quality where meal was cooked at over 205° F, in the top 
ring of a stack cooker have shown feeding difficulties, high 
foots, high refining losses, and oil color reversion. The 
critical empirical conditions are: moisture above 124%, 
temperature below 205° F., time 15 to 17 minutes. 


Protein tanning occurs at temperatures above 205° F. and 
accounts for the feelability of the material being cooked. 


Explain why drying at 210°-220°9 F. in hydraulic cooking 
does not decrease the protein solubility as it does in pre~ 
press operations. 


If originally 100, the protein solubility drops to 80 in the 
first ring of the cooker at a temperature of 200°~205°, and 
is not appreciably reduced in the lower rings of the cooker as 
this is a drying stage operation. 


WK 


CONCLUDING REMARKS 


by 
A. L. Ward, Director 
Educational Service, National Cottonseed Products Association 


In closing this important conference, it seems appropriate to say 
that the cooperative efforts of the Southern Regional Research laboratory, 
the experiment stations, and industry are definitely paying off. The 
attention given to the improvement of cottonseed meal during recent years 
has provided investigators in the field of nutrition with a basis for 
greatly enlarged research. They now have a much wider field in which to 
work. 


As evidence of the keen interest that exists in this cooperative 
research program today, I would like to point to the attendance at this 
conference. Some of the best men and women in the field of nutritional 
research are here. Many technical men from within the cottonseed crush- 
ing industry also are present, along with the managers and owners of 
oil mills. In addition, there is a good representation of machinery 
manufacturers, who-share the interest of scientists and of the cotton= 
seed industry in improved methods of processing to produce meals of 
higher nutritive value. 


Tt is a great satisfaction to see the growing response to this en- 
deavor. The enlarged opportunities for research on the nutritive value 
of cottonseed meal that have been opened through cooperative research 
mark great progress. We can now move forward, optimistically, toward 
significant achievements in the future. 
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MONDAY, NOVEMBER 5, 1951 10300 A.M. 
Opening Remarks 
C. H. Fisher, Director, Southern Regional Research Laboratory 
Reports on Feeding Experiments 
F,. H. THURBER, Chairman 
The Nutritional Value of Screw-Pressed Cottonseed Meal When Fed as the 
Principal Protein Supplement for Farm Animals 
Ee Le Stephenson, University of Arkansas 
Response of Growing Animals Receiving Diets Containing Cottonseed Meal 
Prepared by Various Processes 


F, H. Smith, North Carolina Experiment Station 


Amino Acid Supplementation of Cottonseed Meal Rations for Weanling Pigs 
H. D. Wallace, Florida Agricultural Experiment Station 


A Comparison of Cottonseed Meal and Soybean O11 Meal in Practical Broiler 
Rations 
Francis H, Bird, Eastern States Farmers' Exchange 


The Use of Pre-Pressed Solvent Extracted Cottonseed Mcal as a Protein 
Supplemont for Growing Pigs 
Je L. Fletcher, Mississippi State College 


LUNCH 
Reports on Fooding Experiments (Continued) 2400 Pelle 


T. H. HOPPER, Chairman 


Buckeye Degossypolized Cottonsecd Meal 
Kenneth Kuiken, The Buckeye Cotton 011 Company 


Various Types of Cottonsced Meals in Rations for Chicks and Laying Hens 
GC. Le Morgan, South Carolina Agricultural Experimont Station 


Pig Feeding Tests with Special Proccss Cottonseed Meals 
C, HM. Lymon, Texas Agricultural Experiment Station 


Nutritive Value of Cottonseed Neal for Chicks 
Je R. Couch, Texas Agricultural Exporiment Station 


Evaluations of Nutritive Value of Cottonseed Meals as Swine Feods 
Ne. Re Ellis, Bureau of Animal Industry, USDA 
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Experiments on Gossypol in Dicts for Chickens, and on Pink Discolorations 
in Eggs Caused by Some Component of Cottonseed 
Burt W, Hoywang, Southwest Poultry Experiment Station, Bureau of 
Animal Industry, USDA 
Comparison of In Vitro and In Vivo Methods of Protein Evaluation 
Madelyn Womack, Bureau of Human Nutrition and Home Economics, USDA 
TUESDAY, NOVEMBER 6, 1951 9330 A.M. 
Round Table Discussions of Significant Questions in Nutrition 


A. M. ALTSCHUL, Chairman 


What are the limits of freo gossypol content ‘that affect the value 
of cottonseed meal in hog and chick feeds? 


Discussion Leaderesccesscesee Ue Re Couch, Toxas A. & M. College 


What are the limits of free gossypol content that affect the use 
of cottonseed meal in mashes for laying hens? 


Discussion Leaderssceceseese Francis H, Bird 
What is the effect of processing conditions on the protein value 
for hogs, chicks, and cattle of meals containing 003% or less free 


gossypol? 


Discussion Leaderssesseesces Ne R, Ellis, Bureau of Animal 
Industry, USDA 


LUNCH 
Round Table Discussions (Continued) 2300 P.M. 


What is the effect of supplomenting cottonseed meal with amino 
acids? How do mixtures of cottonseed and soybean meals compare to 
either used alone? 


Introductions The Use of Amino Acids in Improving Nutritional 
Efficiency of Proteinses.Ne Wi. Flodin, E. I. duPont de Nemours & COs 


Discussion Leadereesee As Be Watts, Louisiana State University 


What is the relationship, if any, between the chemical properties 
and the nutritive value of cottonseed meals? 


Discussion Leaderssseceecece Co Me Lyman, Texas A. & M. College 


Tour of Laboratory and Private Conferences 4300 P.M. 


WEDNESDAY, NOVEMBER 7, 1951 : : / 9330 A.Me 


Reports on Processing and Rolated Research 


omen. 


BE. A. GASTROCK, Chairman 


Gossypol and Thiamino iietcrial Balances in Commercial Processing of c/s 
T. H. Hopper, Southern Regional Research Laboratory 


Prodretion of Screw Press Meals of Superior Nutritive Value in Commor- 
Cial Oil Mills 
H. L. B. Vix and F, H. Thurber, Southern Regional Rescarch Labe 


Effect of Conditions of Rolling on the Chemical Properties of Hydraulic 
Pressed Cottonseed Meal 
Ce G. Reuthor, Southern Regional Research Laboratory 


Sorow Pressing of Cottonsood 2 Lae 
Ae C. Wamble, Texas Engineering Experiment Station 


Effect of Processing Conditions on tho Color of Cottonseed Oil 
Catherino H, Pominski,. Southern Regional Research Laboratory 


LUNCH, . 
Tour of Laboratory and Private Conferences 1315 P.M, 
Roports on Processing and Related Research (Continued) 2eLl5 P.M. 


» Ke S. MARKLEY,. Chairman 
Fundamentals of Production of Cottonseed Mcals of Superior Nutritive 
Value 


A. Me. Altschul, Southcrn Regional Research Laboratory 


Immediate Processing and Engineering Problems Requiring Investigation 
BE. As Gastrock, Southern Regional Research Laboratory 


Round Table Discussion 


Concluding Remarks = A. Le. Ward, Director, Educational Scrvice 
National Cottonseed Products Association 
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LIS? OF ATTENDANGE 


industry - ion os 
Aldorks, 0+ Hi; Tochnical Division, Tho Buckeye Cotton Oil Cos, Me A. 
& Re Bldgs, Ivorydale, Cincinnati 17, Ohio ‘ ) 
Bird, Francis He, Eastern States Farmers! Exchange, Ince, RePeD, Sy 
’ Rockville, Conn. . 


Blyth, Richard H., Prese, Beeeeiend Toten OAL, Com, Paris, Tass 

Brooks, Tom R., French 0il Mill Machinery Co., /tlanta, Georgio 

Brady, Joo Ce, Helena Cotton O11 Cos, Helena, Arkansas 

Bryson, Je He, Jr., Dothan Oil Mill Coe, Dothan, Alabama 

Byrom, Je Ee, Jre, Red River Cotton O11 Co., Inc., Alexandria, Lae 

Christonson, S. Be Le, Dansk Sojakagefabrik, 24 Islands Brygge, Copen- 
hagen, Denmark 

Clark, Tom, Red: River Cotton Oil Co., Inc., Aloxandria, La. 

Dillard, Ke Le, Dothan Oil Mill Cos, Dothan, Alabama 

Dunning, John W,, Ve De Anderson Cos, Cleveland, Ohio 

Eagle, Edward, Swift & Co., Union Stock Yards, Chicago 9, eee 

Eberhardt, E. 0., Buhler Brothers, Ino., 2121 State Ai chwey #4, Fort 
Lee, Ne de 

Fincher, He D., Anderson Clayton -& sing Houston, Texas 

Flodin, N. W., Ee Ie duPont deNomours COs; Ince, Wilmington, DoLaware 

Freoman, Ae C., Dothan O11 Mill Co., Dotheniy Alabama 

Fronoh, As We, Ve Ps, Tho French Oi1 Mill Machinery Co., Piqua, Ohio 

Gandy, Dalton E,, Educational Service, NCPA, Ruston, Louisiana 

Hahn, George, Tho Buckeye Cotton 011 Co., Atlanta, Goorgia . 

Harpor, Garlon A., Educational Sorvice, NCPA, Dallas, Texas 

Heidebrecht, A. Allen, Western Cottonoil Co., Abilene, Texas 

Houghtlin, R. G., Natl. Soybean Processors Assoc., $818 Board.of, Trade 
Building, Chicago 4, Illinois 

Ingold, Robert, Dir., California Cotton O11 Corp., Kos Angeles, Calif. 

Karnofsky, Gooréol Blaw-Knox Construction Co., Pe 0. Box 778, 
Pittsburgh 30, Poe 

Kirkland, Byron A., Biotiale coat Service, NCPA, Atlanta, Goorgia 

Kruse, N F,, Central Soya Cos, Ince, Decatur, Indiana 

‘Kuiken, Kenneth, The Buckcyo Cotton Oil Co., M. A. & Re Bldg., Ivorydale, 
Cincinnati 17, Ohio ‘ 

MeKonzic, Emmett, Jr., Contral hin Oil: Coe, VWoown Goorgia 

Mays, Je R., Ire, Barrow-Agece Laboratories, Ince, Momphis 1, Tennessce 

Moloney, John F,, National Cottonseed Products Assooiption, Tnow, 
Momphis, Tennessee © 

Moore, Woaltcr B,, Educational Service, NCPA, Dallas, Toxas 

Nowby, Wales, Cotton Products Co., Inc., Opclousas, Louisiana 

Pascal, W. W., French O11 Mill Machinery Coe, Piqua, Ohio. 

Prince, R. K., Allis Chalmers Manufacturing Coe, Milwnukeo, Wisconsin 

Queroya, Mrs, A., Quinn Monhoden Fisheries, Inc., New Orleans, Lie 

Quinn, Wallace M., Quinn Menhoden Fisheries, Inc., Empire, La. 

Roberts, Je Bob, Proflo Dive, Traders O11 Mill Co., Ft. Worth, Texas 

Sherman, We C., Ralston Purina Co., Checkerboard Square, St. Louis 2, Mo, 

Smith, Lecnard, National Cotton Council of America, Washington, D. oe 
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Industry (Continued) 


Waddell, Je, BE, Ie duPont dcNomours & Cos, Ince, New Brunswick, Ne de 

Wallace, C..W.e, The Union Oil Mill, Ine., West Monroe, La. 

Ward, A.‘L., Director, Educational Servico, NCPA, Dallas 1, Texas 

Williams, Pe He, South Toxas Cotton Oil Co., 2405 Collingsworth, Houston, 
‘Toxas ~ 

Wilson, Logan Te, os T. Gibbons, Ince, 2700 Howard Ave.e, Now Orloaas, Loe 


Stato Universities and Bxporimont Stigti ons 


Barrontine, Ben F., Animal Husbandry Dente p Mississippi State Collego, 
State College, Miss. : 

Brown, Poul Be, Dept. of Animal Industry, La. State pace! Baton 
Rougo, Loe 

Burns, Moore J., Dept. of Animal Husbandry and Nutrition, ‘ebame Poly-= 
tochnic Instituto, Auburn, Alabama 

Chamberlain, Charles C., Temne ssee Agricultural Experiment Stitionh 
Knoxville, Tenn. 

Couch, Je Re Dept. of Biochemistry and Wutrition; Texas Agricultural - 
Pxpariment Station, College Station, Texas 

Dyor, Ie Ae, Dept. of ee BMS QARLEs Uneasy of Gooreiag Athens, 
Georgia 

Fletcher, Je Le, Dept. of Aslan Big pe Gad eae Stato College, State 
Collcoge, Mississippi 

Fryco, Je B., Dairy Dept., Louisiana Stato tnanghanege Baton Rouge 3, tt, 

Gallup, W. D., Ol:lchoma A. & M.-Collego, Stillwator, Oklahoma 

Heywang, Burt We, Southwest Fal Gey Exporiment Station, Rt. 1, Box .80, 
Glendale, Arize 

Hickox, Ge He, Enginoering Experiment Station, University of Tennesseoe, 
Knoxvillo, Tonnes 

Holley, Ke Te; Goorgia: Agricul tural Exporimont Station, Experiment, Gos 

Lyman, Carl M., Dept. of Biochemistry ond Nutrition, Texas Agricul tural 
Experiment Station, College Station, Texas . 

MeNeice, Donney, Louisiana State University; Baton Rouge, Louisiana 

Morgon, Ce Le, Poultry Dept.e, Clomson Agricultural College, Clemson, SeC. 

Rusoff, L. L., Dairy Dept., Louisiana State University, Baton Rouge, Lie 

Smith, F. H., Dopt. of Animal Industry, University of North Carolina, 

| Sto te College Station, N, C0, 

Stephenson, Edward L., Depte of Animal Industry, University of Arkansas, 
Fayetteville, Arkansas 

Summers, John C,, Bakery Dept.e, Oklahoma A & M College, Okmulgee, Okla.s 

Upp, Charles W., Poultry Industry Dept., Loui siano, State University, 
Baton Rouge, Lae 

Wallaco, H. De, Dopt,. Animal Husbandry and fra teittd Sry Florida Agrioul- 
tural Expt. Station, Gainesville, Florida 

Womble, ie C., Cottonseed Products Reoscarch Laboratory, Texas Engincer- 
ing Experiment Station, College Station, Texas 

Watts, ‘ie By, Poultry Industry oe Louisiana State University, Baton 
Rouge, Louisiana 


U. S. Department of Agriculture 


Ellis, Ne Re, Burcou of Animal Industry, U.S.DA., Beltsville, Maryland 

Elting, Ee Ce, Associate Chiof, Office of Exporimont Stations, U.S.DAe, 
Washington 25, D. C. 

Marston, Honry W., Resoaroh Coordinator, Agricultural Research {dmne y 
Washington, De Cs 

Reed, 0, E., Chief, Bureau of Dairy Industry, U.S.D.A., Washington 25, 
D. C. 

Sando, C. E., Burcou of Agricultural and Industrial Chemistry, UsS Dele, 
Washington, D. C. 

Womack, Madelyn, Biochemist, Food & Nutrition Division, Burcau of Human 
Nutrition & Home Economics, U.S.D.A., Washington 25, D. C. 


Other Federal Agoncics 


Larsen, Robort 4., Chief, Coroal & Baked Products Division, Food Labe 
oratories, QM Food & Containcr Institute for the Armed Forces, 
1819 West Pershing Road, Chicago 9, Illinois 

Lightbody, Howard D., Director, Food Laboratories, QM Food & Container 
Instituto for the Armed Forces, 1819 West Porshing Road, Chicago 
9, Illinois. 
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SUMMARY 


(Notes This summary of the conferonce was furnished on November 9, 
1951, to trade and technical journals sorving the oilseod industry) 


Feeding tests in which cottonseed meals produced cxpcorimentally 
during the past yoar by a modifiod screw=pressing tochnique devolopod 
in cooperative rescarch by the Southern Regional Research Laboratory 

and the cottonsced crushing industry have borne out carlier indications 
that processing conditions greatly affect the nutritive valuc of tho 
moal and con be adjusted to produce meals of superior quality. 


Reports of tests in which large quantitics of improved cottonsecd 
moals wore fod with oxcellent results to hogs and growing chicks, as 
woll as to other experimontal animals, wore prescntcd by state fecding 
spocialists from Texas, Arkansas, North and South Carolino, Florida, 
and Mississippi, and also by mombers of tho U.S. Dopartment of Agricul- 
turo, at the second annual conference on cottonseed processing as ro-= 
lated to the nutritive value of cottonsced meal, held in the auditorium 
of tho Southern Laboratory in New Orleans November 5-7, 1951. In addi-~ 
tion, Mr. Kenneth Kuiken of The Buckcyc Cotton Oi1 Company, Cincinnati, 
Ohio, described experiments with "degossypolizced" cottonsecd meal pro- 
ducod by his companys 


Attendance at the conforenee totaled 75 persons from 22 states and 
Washington, D, C., including, in addition to represontatives of the oil- 
scod crushing industry, oa numbor of mixcd food manufacturers, equipment 
manufacturors, and others from rolated industries. One company in 
Denmark was represented. The conference was sponsored jointly by tho 
U. S, Department of Agriculture and the Educational Servico of the 
National Cottonsced Products Association. 


Following the rcports on feeding, which consumed oll of November 5, 
an ontire day was dovoted to round-table discussions, in which tho re- 
sults wero analyzed ond significant questions reviewed in order to pin~ 
point probloms requiring further study. This discussion brought out the 
necd for a standard, uniform ration to be usod as a means of minimizing 
the variables so that more comparable results might be obtained in feod- 
ing tests conducted by difforent research workers. A committee, headed 
by Dre Je Re Couch, Department of Biochomistry and Nutrition, Texas 
Agricultural Expcriment Station, Colloge Station, Toxas, was appointed 
to agree upon such a ration in future nutritional studics with cotton- 
soed meal. 


Roports by mombors of the Southorn Regional Roscarch Laboratory and 
by lr. A. C, Wamble of the Toxas Engineering Experiment Station, on 
Wednesday, brought tho group up-to-date on the progress already made in 
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undorstanding the fundamentals of cottonsced processing and emphasized 
tho typo of additional rescarch nocded to develop practical mothods of 
producing the meals of superior nutritive valuce : 

Tho ontiro conference pointed up greatly enlarged opportunities for 
constructive rosoarch on cottonsecd meal, Mr. A. Le Viard, Director of 
the Educational Service National Ghttonsosd Products Association, said 
in closing the throceday mcotinge uh 


"The results of joint efforts of the Southern Regional Research 
Laboratory, cottonscod crushers, and state and federal cxperimont sta-— 
tions, reported at this conference are most cncouraging and should sorve 
to stimulate continued and enlarged processing and nutritional rescarch 
with the cottonseed products that aro onc of the South's most important 
feeds," ho statod. "Tho large attendance of koy reprosentatives fron 
both arose organizations and commercial firms is evidence of a erors 
ing rocognition of the need for, and valuo of, this resecarch program.” 
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RECOMMENDATIONS OF THE STANDARD BASAL RATIONS COMMITTEE FOR 
COTTONSEED MEAL @XPERIMENTS 


A committee composed of Je R, Couch, Chairman, C. L. Morgan, : 
E, Ly Stephenson, Ke. A. Kuikon, N. R. Ellis, He De Wallace, F. Hy, Smith, 
B, W. Heywang, Fe He Bird, A, B. Watts, and Garlon A. Harper, was op» 
pointed by Mr. Ae Le Ward, Director of Educational Service, National 
Cottonseed Products Association, Ince, on November 6, 1951, during the 
socond day of the Second Conference on Cottonseed Prooestine as Related 
to the Nutritive Value of the lcal. This committee was appointed for 
the purpose of formulating Standard Basal Rations for pigs, broilers, 
and laying hons. 


The desirability of appointing such a committee, has become apparent 
due to a lack of uniformity in results from different oxperimental lab~ 
oratorics where tho identical samples of cottonsecd meal prepared by the 
Southern Regional Laboratory were tosted, It is believed that the lack 
of consistency from different laboratories may be eliminated if basal 
rations, managemont procedures and experimental mothods ore standardized 
in the laboratories of the various workers who are attempting to improve 
the feeding valuo of cottonseed moal for farm animals and poultry. Such 
standardization of rations and methods will include the fact that all 
workors will use identical samples of soybean oil] moal, fish moal, and 
dricd whey in the basal rations. 


Directions and instructions prepared by the above committec, along 
with the Standard Basal Rations, have beon mailed from Mr. A. Le Ward's 
offico in Dallas. 
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STANDARD BASAL RATION FOR SWINE 


Soyboan motle cacsalussetevcceetacgaee tis Heer eteTs naenaae Note Le below) 
(Produced by Contral Soya Coe, Inc., Decatur, Indiana. Orders should 
be directed to attention of N. F, Kruso and placed before Feb, 1, 1952) 


Ground yellow SOPH oe ee ee eee rs ects cee ennee se Note 1, below) 
Lime stone or oyster ShoLllereccvvesesssecesecssesseccessesesesssees 15 % 
Stoamod bono MCOLeeececresnereeeesepoeoes Heese esresessseveseseoseee® 1,0 u, 
Lederle Aurofac (1.8 mg Byo and 1.8 gms of Aurcomycin)sesescesses 005 % 
Todized salt mincral mixture (seo Noto 3, bolow)eccscereesevecees 0.53% 


Notes on formulation and use of Standard Rations 


le Tho pcrceontage of soybean meal and ground yellow corn will be ade 
justod as the protein level of the ration is changed. The ration 
should contain 20% protcin until pigs weigh 75 pounds; use 17% pros 
toin, from 75 to 125 poundss and use 15% protein from 125 pounds 
to 200 poundse 


Le Exporimontal cottonseed mcals will be substituted for all or 50% of 
the soyboan moeal in the comparative test rationss 


3, lodized salt mincral mixture (formulated by H. D. Viallace): 50 1lbee . 
{odized salts 921 grams MnSO,.4H20; 298 groms ferrous sulphate s 
125 groms copper sulphate; and 10 grams of cobalt carbonate, After 
mixing thoroughly, this trace mineral mixture is added at a level of 
"0,53 pounds por 100 pounds of the ration as indicated in above 
formulae 


4, Add 45 grams (or, 2 pounds per ton) of Lederlo Fortefceod 2490 per 
100 pounds of the ration, 


5. Add vitomin A at the level indicated by the National Rosearch Council 
rocommonded allowanco using high vitamin A poteney fish oi1 (10,000 
or 15,000 A) as the source of vitamin A, 


6. Add vitamin D, at the level indicated by the National Resoarch 
Council recommended allowances 


er ALL tosts will be carried out on conecrocte floors. 


8, Woanling pigs woighing approximtoly 35 pounds will be used in each 
teste 


9. It is rocommonded that pigs be fed individually, If pigs are lot 
fod, 5 pigs will bo used in duplicate lots on cach ration, If 
facilities are not available for duplicate lot feeding, a minimun 
of 8 pigs will bo group fed on cach ration, 
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STANDARD BASAL RATION FOR BROILERS 


ligjor_Ingrodionts 
Soybean SE Pe HARA CO aA ee col Note 1, ‘bolow) 
(Produced by Contral Soyn Coe, Inc,,. Decatur, Indiana. Orders should 
be directed to attention of Ne F. Kruse and placed before Feb. l, 1952) 
Fish meal (60%. protoin) sweesscewesercecoh seacvccesegecessonersses 220 % 
(Produced by Quinn HManhaden Fisherics, Inc., New Orlocans, Las; 
now hold in. storage at Southern Regional Research Laboratory. 
Place orders with Dr. A. Me. Altschul) oe ; 
Dricd whey product. (50% LACtOSC)oerccccccervsrvvecssccerveceseees 200 % 
(Produced by Westorn Condonsing Co., Appleton, Wisconsin) 
Saltcsccecrc esos seers es eeese eres ees oesarerseseseeeroesressree ese Oem. 
Steamed bone MCOLecccccccrrpeserseaesesersenesserssseserenoseeese 240 % 
LIMCSEONCG scceverseeseseceser sve eeeH se SCH PHS sOHessneeeenesreH ERNE Led %, 
Ground yellow hee ss oe ae ahs daa ae cave eslew (S08 Note is below) 
Lederle Aurofac (1.8 mg. of Byo and 168 gus. of 
Aurcomycin) sasespeesesssenes 0.25% (or 5 
2 


« per ton) 
Lederlo MOGOASULercsceressccesonesoceseseseene Oe ore (or 


lbs. 
lbse per ton) 
Minor Ingredionts 


MSO, etHoOeccsscocccescnccerssseseraorse 8 grams por 100 pounds of focd 
RibofLAViNeecccecvccceveescrvvscecsoesrserssesesssers 2 me/Lbe of food 
Pantothenic CCL es s'cls's 6 0.00. 0.0 dec crecererereseeeraecren 5 mg lb, of feed 
Nincinecrssecsecscccccsesvreseoesesesasesscecrssesesre 12 mg/1De of foed 
Ort ie eee yi aec saa ine «A008 SO Me wake WO 1 8 65 9 a ROU me/1d. of foed 
Vitomin K (Monndione )svescccccccccvccveccnesseseccs Wy me/1be of foed 


Vitamin Necenccccscseveccssereeeessesssserersver 2000 Ts ue/lb. of feed 
Vitamin Dzeoerecveseversvessvassssaseseerers 180 A.OeAeCe Jibs of food 
Fecding grade DL~Mothionincessessersesevenvevece a Bio per TON OL... O00 


Notes on Use of Standard Ration 


1e Ono group of cach oxperiment is to reccive the above listed ration 
as a standard check control. The protein content of the ration 
(check or expcerimontal) should be 21.5% protein, maintained by ad- 
justment of amounts of corn and soybean moal (or cottonseed Hioal) 
_ according to the protein content of tho focdstuffs.e 


2. Each samplo of cottonseed meal to be tested in these studics will 
be used to replace all of the soybean meal in one lot and will ro- 
place one-half of the soybean meal in another lote 


3. Now Hampshiro chicks of cithcr Nichol or the Christic strain will 
be usode 


4, A minimum of 20 chicks por lot will be used and cach lot will be 
run in duplicate, (Total - 40 chicks vor trcatment). 


5- Duration of oll cxperiments will be 10 wocks. 


6, Tho vitamin K eemery 1-1, 4-Naphthoquinono) hould be dissolved in 
ethyl alcohol (50 milligrams in 250 eitiiaars) prior to mixinge 
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STANDARD BASAL RATION FOR LAYING HENS (ALL-MASH) 


Major Ingredionts 


Soybean AES hog Bee CE TPURO OW ca RE) wae ee caeee Noto Ly below) 
(Produced by Contral Soya Coe, Inc., Doeatur, Indiana, Orders should 
bo dircotcd:to attention of Ne F, Kruso.and placed before Fob. 1, 1952) 

Ground yellow cornscescscttcsectecsiscscccetsvcegeve (sco Noto, bolow) 

Dehydrated alfalfa loaf moal (17% protoin)seecsescecscescsvccvenee S00 % 

Stonmod bond mooleccocccuccoensssevsvececebechertovevacsseseraneer cel q, 

Limostono or oyStor Shollevesssscecsactercccscecccvsvecsesevveeee bed To 

SaltpccaceaprvevcecesrReeehepeaeecsdebseerers Cerrees «ewer es © ob 6 srt 0.5 Io 

Lederle Aurofac (1.8 mg. of By5 and 1.8 grams of : 

‘ 4 hurobmycin)% sees esses ebs ees 0.25% (or 5 lbs. per ton) 


Minor Inegredionts © 


MSO, e4HoQecerccccsccevcccvcvescvesscons 6. grams por 100 pounds of food 
RLDOLLAVINe cccccecerrevvecnsvecsesdecenbeseeevebese es 2mg/lb. of food 
Pantothenic acidessergecccccccsgeserecseccevseseneees 5 me /1bde of feed 
NinGinessesecenyecccccesesrtaservesevsssepepapveseses a2 mg/lb. of food 
ti Vokin kel Fy ee re re Rr Pree ere re ree AE, mg/lbe of feed 
Vitomin K (Monadione) ss scccececrs tse pb's'e's's'e'e's 09's bse ve mg lb, of food 
(Produced by Merck Company., Rahway, Ne J.) . ae 
Vitanin Nav evsevereessve0's'sw en ce eee eee ese beneet's 6300, Te U./lb.of ‘food 
Vitamin Dzeeoranecenonvepeveercersseeseeress 450 Ne Oe te Ce /LbedL food 


1. Ono group of cach oxperiment is to receive the above listod ration 
as 2 standard check control, Tho protein content of the ration 
(check or oxporimontal) should bo 16.5% protein, maintainod by ade 
justmoent of emounts of corn and soybean moal (or cottonsecd meal) 
according to tho protein content of the feedstuffs, sees 


2e Hen size oyster sholl will be kopt beforo the hons at all times. 


3, Tho vitamin K (2-mcthyl-1, 4-Naphthoquinonc) should be dissolved in 
othyl alcohol (50 milligrams in 250 milliliters) prior to mixing. 
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Table 2. Distribution of Experimental Cottonsced Meals, Series 5-13 


Meals : Investigators Using Meal x 
Series 5 No. 1 : D K 
No, 4 : H 
No. 9 $ D H 
Mixture 9 and 10 : H 
Series 5 No. 10 $ D H 
NOw im if $ E 
Now 13 g A C D 
No. 14. : hs HE 
No. 16 : A D 
Series 6 No, 3 ¢ A 
No. 10 : A D 
NOs. be fe Aah 
No, 28 @/ : E 
No. 42 If : E 
No. 61 3 B D K 
No.« 62 3 ih 
Nos 71 : B 
No, .76 : B D 
Roses No. 79. :. H 
Series 7 No. 504 : D 
Series 8 No. l : B F K 
‘me Nog 5 : B ; F K 
HS 12:Te1 $ B C D tals j J K 
T=2 : D : 
T=3 4 B D. G yO? TK 
Ta4 | H C + AS PK 
ES 13 Tl. : 
Ta4 3 G a: K 
26576 : A 
Ste Soybean 2°. A ee gpl i Reruns SY ie 
# Watt 
Fe He Birdesevcosovessevval D. A. Kingeccovsccccvecengl 
Je Rs Couch sss ei visew ae seal Gs M. LYMAN ecevececceceseG 
De Je CunlA wesw es aiewieeenweU Gis ae Morgane sceveovesevevell 
He D, Wallacesseceverceect F. He Smfthe> ss se eee e en eet 
N. Ry BLl1lUS vees ea veal. ie Le StephensSonecsccececed. 
B, We HEVWATIE's oa «04 in avelbiguat M. Wohtoksttckeseseesaerer 


were 


a) Different mixtures of these meals were used to give products hav=- 
ing free gossypol contents from 0,023 to 0,21%, 

2/ Mixed with gland-rich meal to give méals with free gossypol contents 
from 0,013 to 0,0404%. 
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Table 3. Description of Cottonseed Meals in Nutrition Processing Test, 


Series l. 
: Water : Temp.: : Meal 
4 added« 3s of :Time of: : Free. : Total sSoluble 7 
Meal:to cookers meats cooking: Lipids: gossypol:Moisture :nitrogeninitrogen 
ope ays) Pet ming :\28/ > 26/3 4 6/ : €6/ 3% of total 
Cosh Sa ee a eS en ots TOP a I SI Arn Pan eth Ne ENCE mS 
Hydraulice-pressed Meals 1/ 
e 70 118-230 36 5e6 0,108 7.6 6.4 5968 
9 90 118-240 72 5.6 0,047 56 6.4 20.8 
Screw=-pressed Meal 2/ 
74/ None 100-200 70 3.4 0,008 4,7 6.4 12.8 
8 4/ None 110-178 15-20 3.8 0,011 4.6 6.9 14.3 
6 4/ None 100-200 15-20 3.4 0,009 4,1 6.5 15.9 
1 None 113-234 15820 3.5 0,014 4.6 6.9 GR A 
3 None 126-261 20 $.6 0,016 4,4 7.0 10,0 
4 3/ 60 R0R=R6R 40 ue 0,028 4.5 7.0 10,4 
5 3/ 70 222=-278 100 5.7 0.030 3.7 6.6 8.2 


ee een at 


1/ From rolled meats: water added before rolls for hydraulic runs was 
60 1b./hr. 


2/ From disc hulled meats. 


5/ Four rings of cooker used. In all other runs involving screw press, 
only three rings were heated. 


4/ In order to obtain these low temperatures, doors of cooker rings were 
kept opene 


b/ Meal production on the screw press was at the rate of 600 lb./hr. 
On as received basis. 


8/ 
7/ Determined in 0.5 N NaCl solution at a solvent-meal ratio of 40:1. 
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